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ABSTRACT 
 
Tallgrass prairie is considered one of the most endangered ecosystems on the North 
American continent. Land-use change since Euro-American settlement has drastically altered 
the form and function of prairie systems. These land-use changes have been manifested 
through declining populations of grassland obligates and loss of ecosystem services. Planning 
and application of restoration activities substantiates the need for the evaluation and moni-
toring of ecosystems. The U.S.-wide ecosystem assessment project LANDFIRE contains a 
suite of spatial data projects aimed at the standardized evaluation and monitoring of ecosys-
tems. My thesis assesses the accuracy of Fire Regime Condition Classification—one of the 
spatial data layers within LANDFIRE and makes recommendations for improvements when 
applied locally. Separate from the evaluation of LANDFIRE, land cover data was used to 
assess the current spatial pattern of grassland vegetation in the Loess Hills and evaluate a 
conservation priority index, which I developed to spatially prioritize potential conservation 
sites within the Loess Hills. This work summarizes the current state of conservation in the 
Loess Hills and urges that a landscape perspective be adopted when targeting ecosystems for 
the application of conservation resources.  
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CHAPTER 1. GENERAL INTRODUCTION 
 
INTRODUCTION 
One tenth of one percent of Iowa’s once dominant prairie landscape remains intact 
(Ehresman and Kurtz, 2000). Nearly half of that small amount resides in the seven counties 
containing the landform known as the Loess Hills in western Iowa (Mutel 1989, NPS 2002, 
Agren, 2004).  Prior to Euro-American settlement, the Loess Hills were largely dominated by 
tall- and mixed-grass prairie (Rosburg 1994), with shrubs, savanna, and woodland inter-
spersed throughout. While prairie likely comprised greater than 93 percent of Loess Hills 
vegetation (Chapter 2), as of 2009, land cover analysis revealed that just 23 percent of the 
Loess Hills landscape remains as grassland vegetation, with only 3 percent considered rem-
nant prairie (Chapter 2).  
This pattern of loss is not unique to the Loess Hills. Prairie systems are considered to 
be among the most endangered ecosystems on the North American continent, with only 4% 
of the original 68 million acres of tallgrass prairie remaining (Steinauer and Collins 1996, 
Herkert 2003). North America continues to experience concomitant loss of grassland obligate 
species. Data suggest that grassland birds and other obligates are experiencing drastic popu-
lation declines because of habitat loss and fragmentation (Knopf 1986, Herkert 2003).  Over-
all, 48 percent of grassland bird species within the United States are of conservation concern, 
and 55 percent  have declining populations (North American Bird Conservation Initiative 
2009). Given current trends, the Great Plains are at risk of losing a large proportion of the 
native biodiversity that sustains many critical natural processes and overall ecosystem pro-
ductivity (Tilman 1996).  
The cause of these declines is of human origin (Samson et al. 2004). Most of the det-
rimental changes to the Great Plains and its biodiversity can be attributed to changes in land 
use since Euro-American settlement (Landres et al. 1999). Development, agriculture, and 
woody encroachment are constantly altering landscape structure in ways that directly and 
indirectly affect the characteristics of adjacent native systems. The elimination of fire has 
played a keystone role in the alteration of native vegetation. Prior to settlement, fire was an 
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important part of the prairie landscape and maintained its native characteristics. Although the 
interruption of Native American fire regimes is hypothesized to have occurred much sooner, 
fire suppression over the past 150 years has played a major role in the degradation of grass-
lands. Grazing also had a major influence on historical vegetation and it is expected that the 
evolution and maintenance of tallgrass prairie was heavily determined by a combination of 
frequent fire and grazing (Axelrod 1985, Fuhlendorf and Engle 2004). Prior to major Euro-
American influence, these disturbances drove many of the ecological processes that shaped a 
shifting mosaic of prairie, savanna, and woodland in the Loess Hills and tallgrass prairie gen-
erally. 
To restore the ecological health of grasslands and grassland obligate species, habitat 
must be conserved and the loss of ecosystem components reversed through the restoration of 
critical processes, such as fire. Efforts are being made to restore fire and in some cases graz-
ing to the Loess Hills. Conservation organizations such as the Loess Hills Alliance imple-
ment incentive programs for the management and conservation of remnant patches. However, 
local programs receive limited funding, and mostly rely on short-term grants to do their work. 
Limited resources are often paralleled by limited opportunities to apply restoration activities, 
due to the fragmented pattern of private ownership and land use in the region (NPS 2002).  
For the above reasons, a concerted effort at restoration planning and management is 
drastically needed to maintain the character and function of remaining native remnants. Bio-
diversity conservation will not be successful if efforts are continually focused on small prairie 
relicts scattered across the Loess Hills. The landscape characteristics surrounding these rem-
nants require restoration efforts be steered towards habitat expansion to significantly increase 
total area of grasslands, reduce edge density, and limit fragmentation. An assessment of the 
level of ecological degradation is needed, concomitant with ranking the expected conserva-
tion value of potential restoration sites in order to efficiently allocate limited resources. Con-
ducting such evaluations could help target resources that would otherwise be spread out over 
the entire landscape.  
Evaluations of restoration potential are usually conducted over landscapes due to the 
availability of broad scale spatial data and geographic information system (GIS) technology. 
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However, challenges lie in a lack of data, highly degraded systems, scale mismatches, and 
other complex issues that can drastically affect the outcome of calculations.  These issues 
often coalesce, compromising the accuracy of such evaluations. 
My assessment of the U.S.-wide ecosystem evaluation project LANDFIRE tries to 
uncover and correct inaccuracies present in a standardized evaluation process. By addressing 
inaccuracies and suggesting viable alternatives, I hope to bring to light pressing needs associ-
ated with grassland ecosystems of the Midwest, with the overall goal of providing natural 
resource professionals working on these systems greater levels of resources to enhance local 
conservation. The assessment of land cover in the region is also meant to provide an under-
standing of the landscape context of remnant ecosystems within the Loess Hills, while 
improving the efficiency of conservation action. 
 
THESIS ORGANIZATION 
I am evaluating landscape patterns associated with grasslands in the Loess Hills in an 
effort to inform management decisions and aid in the allocation of limited conservation 
resources. This chapter has briefly presented some of the challenges currently affecting the 
health of ecosystems in the Loess Hills of western Iowa and highlighted potential opportuni-
ties for positive change. Chapter 2 of this thesis assesses the accuracy of LANDFIRE, a 
national landscape scale ecosystem evaluation program, and offers recommendations for 
improving this program as it is applied to the Loess Hills and surrounding regions. Chapter 3 
uses land cover data to assess the current spatial pattern of grassland vegetation in the Loess 
Hills and evaluates a conservation priority index, which I developed to spatially prioritize 
potential conservation sites within the Loess Hills. The final chapter, Chapter 4, summarizes 
the current state of conservation in the Loess Hills and urges that a landscape perspective be 
adopted when targeting ecosystems for the application of conservation resources.  Chapter 4 
provides insight as to how management can affect landscape conditions in an effective man-
ner.  
 
 
4 
LITERATURE CITED 
Agren Inc. 2004. The Loess Hills Regional Fire Management Plan.  Unpublished material. 
Agren Inc., Carroll, Iowa. 
Axelrod D.I. 1985. Rise of the Grassland Biome in Central North America.  Botanical 
Review. 51: 163-202.  
Ehresman M., and C. Kurtz. 2000. Iowa Natural Heritage Foundation. Prairie Management 
and Restoration in Iowa (winter edition). Available at: 
www.inhf.org/prairiemgmt.htm <Last accessed 11/29/2009>. 
Fuhlendorf S.D., and D.M. Engle. 2001. Restoring Heterogeneity on Rangelands: Ecosystem 
Management Based on Evolutionary Grazing Patterns. BioScience. 8:625-632. 
Knopf F.L. 1986. The Changing Landscapes and the Cosmopolitanism of Eastern  
 Colorado Avifauna. Wildlife Society Bulletin. 14:132-142. 
Herkert J.R., D.L. Reinking, D.A. Weidenfeld, M. Winter, J.L. Zimmerman, W.E. Jensen, 
E.J. Finck, R.F. Koford, D.H. Wolfe, S.K. Sherrod, M.A. Jenkins, J. Faaborg, and 
S.K. Robinson. 2003. Effects of Prairie Fragmentation on the Nest Success of 
Breeding Birds in the Midcontinental United States. Conservation Biology. 17:587-
594. 
Landres P.B., P. Morgan, and F.J. Swanson. 1999. Overview of the Use of Natural variability 
Concepts in Managing Ecological Systems. Ecological Applications. 9: 1179-1188. 
National Park Service. January, 2002. The Loess Hills of Western Iowa Special Resource 
Study and Environmental Assessment. U.S. Department of Interior, Midwest 
Regional Office Division of Planning and Compliance, Omaha, Nebraska.  
North American Bird Conservation Initiative, U.S. Committee. 2009. The State of the Birds, 
United States of America, 2009. U.S. Department of Interior. Washington, D.C. 36 
pp. 
Samson F., and F. Knopf. 1994. Prairie Conservation in North America. BioScience. 44:  
 418-432. 
Samson F.B., F.L. Knopf, and W.R. Ostlie. 2004. Great Plains Ecosystems: Past, Present, and 
Future. Wildlife Society Bulletin. 32:6-15. 
5 
Steinauer E.M., and L. Collins. 1996. Prairie Ecology: The Tallgrass Prairie. Pp. 39-53 in 
F.B. Samson and F.L. Knopf, editors. Prairie Conservation: Preserving North 
America’s most Endangered Ecosystem. Island Press, Washington, D.C.  
Tilman D., D. Wedin, and J. Knops. 1996. Productivity and Sustainability Influenced by 
Biodiversity in Grassland Ecosystems. Nature. 379:718-720. 
6 
CHAPTER 2. ESTABLISHING RESTORATION BASELINES FOR THE 
LOESS HILLS REGION: A LOCAL EVALUATION OF LANDFIRE 
AND FIRE REGIME CONDITION CLASSIFICATION 
A paper to be submitted to the Journal of Rangeland Ecology 
Dustin Farnsworth, Lisa A. Schulte Moore, and Randy Swaty 
 
ABSTRACT 
The Landscape Fire and Resource Management Planning Tools Project (LANDFIRE) 
and its suite of spatial data products attempts to define, evaluate, and portray the condition of 
ecosystems in the U.S. relative to their interactions with fire. Fire Regime Condition Classifi-
cation (FRCC) is a spatial data product of LANDFIRE that determines the degree of depar-
ture of vegetation, fuels, and disturbance regimes from reference conditions. The goal of 
these programs is to provide managers and policy makers with a standardized framework for 
assessing departure and allocating resources for ecosystem restoration. As a unique landform 
with known conservation concerns, the Loess Hills of western Iowa presents an exceptional 
opportunity to evaluate the FRCC component of LANDFIRE. A combination of the historical 
environmental record, descriptions provided by 19th Century visitors, and ecological model-
ing establish reference conditions for the Loess Hills to be dominated by grassland and 
savanna ecosystems. Comparisons between these reference and current conditions by 
LANDFIRE FRCC revealed a prominent transition to woody vegetation, both deciduous and 
coniferous, in areas not under agricultural or developed land uses. While local assessment 
supports this conclusion, FRCC considerably underestimated the level of departure in this 
region at 57% departure (compared to 76% departure based on local assessment). The 
primary reason for this misrepresentation was because the extent of woody vegetation types 
(savanna, woodland, and forest) was overrepresented compared to grasslands in mapping 
historical reference conditions. The scale of LANDFIRE FRCC analysis, the application of a 
primarily biophysically based vegetation dynamics model, a failure to fully incorporate the 
impacts of Native American influence on fire regimes, and the elimination of agricultural and 
developed lands from calculation of departure all contributed to an inaccurate portrayal of 
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FRCC in the Loess Hills. While some attributes of FRCC may be universally transferable 
among regions (e.g., historical range of variation concept, Vegetation Dynamics Develop-
ment Tool modeling software, and a three-level departure index), refinement of methods to 
more fully incorporate local input at multiple points during the development process would 
improve the accuracy of final predictions. Implications of misrepresented departure include 
the potential misallocation of already strained conservation resources. When correctly for-
mulated, we expect FRCC to be a valuable tool for management and conservation in the 
Loess Hills and beyond.  
Keywords: Landscape Fire and Resource Management Planning Tools Project 
(LANDFIRE), Fire Regime Condition Classification (FRCC), reference conditions, depar-
ture, historical range of variation (HRV), Vegetation Dynamics Development Tool (VDDT) 
 
INTRODUCTION 
Persistent, nationwide declines in native biodiversity pose the need for concerted and 
broad-scale efforts toward ecosystem restoration and/or reconstruction. Recognition of the 
widespread need at the federal level in the U.S. has prompted the development of Landscape 
Fire and Resource Management Planning Tools Project (LANDFIRE) and its suite of spatial 
data products, including Fire Regime Condition Classification (FRCC). LANDFIRE and 
FRCC attempt to define, evaluate, and portray the condition of our nation’s ecosystems rela-
tive to their interactions with fire. Together they provide detailed information on the current 
status of ecosystems in comparison to their historical counterparts (Hann et al., 2008). FRCC 
specifically assesses changes in vegetation and fire regimes over landscapes, and then 
describes departure according to an ordinal scale with three categories (FRCC Level 1, 2, and 
3), ranging from low to high departure from historical conditions (Hann et al. 2008).  
Because LANDFIRE and FRCC methodologies are standardized across the U.S., they 
can be used to allocate resources and evaluate impact over extensive areas.  Yet, while a stan-
dardized process and end products are necessary for robust comparisons across ownerships, 
Congressional Districts, states, and multi-state regions, the need for timely and efficient 
results in such broad scale analyses often requires that substantial local variation and sources 
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of it be overlooked. Independent, local application and evaluations are needed to inform such 
national applications and improve their use.  
As a unique landform with known conservation concerns, the Loess Hills of western 
Iowa present an exceptional opportunity to evaluate the FRCC component of LANDFIRE. 
This region was chosen as one of 12 locations where LANDFIRE and FRCC methodologies 
and outputs have undergone rigorous local assessment to improve the process and its prod-
ucts. The objectives of the Loess Hills local assessment are to: 
1. Establish restoration baselines for the Loess Hills;  
2. Develop local FRCC methods independent of FRCC National methods; 
3. Compare the locally derived FRCC to those obtained by FRCC National; and 
4. Evaluate methods used to assess departure. 
This report presents the results of this work.  We also discuss implications of departure in the 
context of managing Loess Hills ecosystems.  
 
STUDY AREA 
The Loess Hills extend north from Holt County in northwestern Missouri to Plymouth 
County, Iowa (Figure 2.1). The landform runs 200 miles parallel to the Missouri River and 
covers over 640,000 acres (NPS 2002). While loess soils are not rare, the Loess Hills are 
globally unique in the quantity and form that the loess was deposited. The loess in western 
Iowa is composed of Aeolian sediment swept up from the Missouri River floodplain and 
largely deposited over the last 30,000 years (Bettis 1990, NPS 2002). Extended periods of 
wind deposition piled the Loess Hills to a current height of, in some instances, over 200 feet 
(NPS 2002). 
Average annual precipitation in the Loess Hills ranges 25.6-34.3 inches (Bettis 1989), 
with higher amounts occurring in the southern Hills than in the north. Well-drained Aeolian 
soils in combination with steeply dissected topography create moisture-limited conditions on 
the upper portions of the slopes. Ridges, draws, and valleys also provide sheltered areas with 
variable microclimates.  
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The Loess Hills landscape supports a variety of growing conditions ranging from 
grasslands to forests. Currently, deciduous forest and xeric prairie communities occur in rela-
tively close proximity to one another. Topographic variability, lack of disturbances such as 
fire, and favorable climate has led to a diverse array of plant community types and associated 
fauna. 
Prairie community types present in the Loess Hills, as classified by the U.S. National 
Vegetation Classification System (USNVC), include Eastern Great Plains Big Bluestem 
Loess Prairie and Loess Hills Little Bluestem Dry Prairie. Species comprising those associa-
tions include big bluestem (Andropogon gerardii), Indian grass (Sorghastrum nutans), por-
cupine grass (Stipa Spartea), little bluestem (Schizachyrium scoparium), sideoats grama 
(Bouteloua curtipendula), hairy grama (Bouteloua hirsuta), and yucca (Yucca glauca). The 
two associations differ mainly in terms of their tallgrass and mid-grass classifications (Faber-
Langendoen 2001, Agren 2004).  
Rosburg’s (1994) comprehensive study of plant communities within the Loess Hills 
lists similar plant communities but also ranks species within study sites.  The mid-grass 
community dominants of sideoats grama and little bluestem were the most commonly 
encountered species. Other species found in order of occurrence were big bluestem, heath 
aster (Aster ericoides), blue eyed grass (Sisyrinchium montanum), Scribner’s panic grass 
(Dicanthelium oligosanthes), whorled milkweed (Asclepias verticillata), Missouri goldenrod 
(Solidago missouriensis), leadplant (Amorpha canascens), and plains muhly (Muhlenbergia 
cuspidata) (Rosburg 1994).  
Historical woodland community types currently present in the Loess Hills, as classi-
fied by the USNVC, include Great Plains Bur Oak Woodland and Basswood-Bur Oak Forest 
(Agren 2004, NPS 2004).  Both associations contain bur oak (Quercus macrocarpa); Great 
Plains Bur Oak Woodland differs from Basswood-Bur Oak Forest in that it retains a big blue-
stem-cord grass understory (Faber-Langendoen 2001, Agren 2004). Many woodlands and for-
ests within the Loess Hills today are dominated by oaks (Quercus spp.), but also contain sig-
nificant dominance of elm (Ulmus spp.), basswood (Tilia americana), ironwood (Ostrya vir-
giniana), green ash (Fraxinus pennsylvannica), hackberry (Celtis occidentalis), and eastern 
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redcedar (Juniperus virginiana) (Phillips 2001). Many species now found within oak wood-
lands and forests lack fire adaptations and were historically uncommon. Their prevalence 
today often reduces the flammability of Loess Hills ecosystems (Groninger et al. 2005). 
Of Iowa’s once expansive grasslands, only one tenth of one percent remain (Ehresman 
and Kurtz 2000). Half of these remnant grasslands lie within the Loess Hills of western Iowa 
(Mutel 1989). This remaining habitat is at risk of being lost to succession, development, and 
agriculture. Grassland conversion is rampant within the Loess Hills, with an estimated 1,500 
acres lost per year (Agren 2004).  The lack of zoning laws and proximity of multiple large 
population centers to the Loess Hills dramatically affect the amount of land annually devel-
oped. High commodity crop prices, most notably for corn, have also worked to increase the 
conversion of grassland into row crops (Secchi et al. 2008).  Furthermore, the elimination of 
regularly occurring fire has caused shifts in community types, with fire tolerant shrubs and 
trees and non-native species prevailing over historical natural communities (Axelrod 1985, 
Brockway et al. 2002). 
 
Historical reference information—Reference conditions play a vital role in all restoration 
efforts and are cornerstone to the successful analysis of FRCC. Ecological conditions present 
during the period just prior to Euro-American influence are commonly used as the restoration 
target (Schulte and Mladenoff 2001, Millar et al. 2007), and such is the case for LANDFIRE 
and FRCC. Rationale supporting use of this period as a baseline is that interactions between 
climate, vegetation, disturbances, and Native American populations are thought to have been 
relatively stable over the several thousand year time frame leading up to this period, allowing 
for the adaptation of biota to predominant conditions and processes (Davis 1981, Schoon-
maker and Foster 1991, Landres et. al. 1999). As a result, ecosystems were biologically 
diverse at this juncture, and resilient to disturbance, especially fire.  
The range of ecosystem conditions present during this time, as well as the ecological 
processes that maintained them, are considered to fall within the historical range of variation 
(HRV) or natural range of variability (Landres et al. 1999). HRV recognizes that disturbance-
driven spatial and temporal variability is an inherent characteristic of all ecosystems and, for 
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this reason, management of ecosystems should primarily consider the types, intensity, and 
rates of key processes rather than a specific end result (Landres et al. 1999). HRV is 
characterized by studying past ecosystem states and processes, and can be used to evaluate 
the status of today’s ecosystems, define restoration goals, and assess the potential of those 
goals to be achieved (White and Walker 1997). While no one source of information can 
definitively represents historical conditions, a robust understanding of vegetation composi-
tion, structure, and key disturbance processes associated with the past can be developed by 
gathering and synthesizing information from multiple data sources (Landres et al. 1999, Egan 
and Howell 2001).  
Reference conditions for the Loess Hills have been documented in several ways. 
Sources of information we considered in our local application of FRCC for the Loess Hills 
include the results of dendrochronological studies (Stambaugh et al. 2006), notes from the 
Lewis and Clark expedition (Moulton 1986), portrayals by artists (i.e., George Catlin), 
records from the U.S. Government Land Office’s original Public Land Surveys, and records 
in the Iowa Soil Properties and Interpretations Database (ISPAID 2004). Collectively, data 
gleaned from these and other sources can be used to define reference conditions for the Loess 
Hills. 
 
Historical vegetation—In comparison to remnant tallgrass prairies on surrounding landforms, 
Loess Hills prairie more closely resembles the mixed-grass prairies 70 miles or more to the 
west (Novacek 1985). Principal species in region include sideoats grama, little bluestem, big 
bluestem, heath aster, blue eyed grass, Scribner’s panic grass, whorled milkweed, Missouri 
goldenrod, leadplant, and plains muhly. Historically, prairie vegetation was dominant 
throughout the Loess Hills, but areas with woody vegetation were patchily distributed within 
this matrix of openlands and were most often located in sheltered ravines and riparian areas 
(Figure 2.2, Mutel 1989, NPS 2002, Agren 2004, Stambaugh et al. 2006).  
Bur oak dominated the majority of fire tolerant savanna and woodland communities 
(Mutel 1989).  Explorer and settler accounts describe scattered wooded areas with oak occur-
ring throughout the Loess Hills.  These vegetation types were likely far more open than what 
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we define as wooded today (Mutel 1989), as data from the Iowa Soil Properties and 
Interpretations Database (ISPAID 2004) (Figure 2.2) show no substantial areas of soil that 
developed under forest vegetation. ISPAID data in the Loess Hills do, however, account for 
transition soils—soils formed under a combination of grass and trees (USDA 2002). These 
soils are restricted to narrow riparian areas bordering major waterways and areas of steeply 
dissected topography (Figure 2.2).  Cottonwood (Populus deltoides) and willow (Salix spp.) 
were likely dominant in these riparian and other wet areas. One historical account from the 
Lewis and Clark expedition notes that the only woody vegetation present in the region con-
sisted of cottonwood and willow in the bends of the river (Moulton 1986). Overall, these data 
suggest a limited distribution of woody communities in the region.  
 
Historical disturbance regimes—Fire was the primary source of disturbance within Great 
Plains grasslands and prairies (Wright and Bailey 1982, Mutel 1989). Grasslands were 
historically maintained by a fire return interval (FRI) of 3-5 years (Wright and Bailey 1982, 
Collins 2000). Some researchers, however, generalize the frequency of fires within Great 
Plains grasslands to 1-10 years (Abrams 1992, Axelrod 1985). The continuity of fine fuels 
supported fires that burned large areas—a fire that was ignited when these fuels were dry 
could burn hundreds of square miles. Major water courses, water bodies, and rugged terrain 
comprised the principle fuel breaks (Anderson 1990) and, in some instances, these breaks 
created fairly protected areas where woody species could have persisted with some consis-
tency (LANDFIRE model 3913940).  
A dendrochronological analysis of fire scars within trees from the southern Loess 
Hills shows an average pre-Euro-American FRI of 6.6 years (Stambaugh et al. 2006), which 
is longer than the widely accepted 1-3 year FRI accepted by experts in the region (LF model 
4114200).  A longer interval could be expected of estimates derived from a tree-dominated 
community and may place an upper bound on the FRI for the Loess Hills. Stambaugh et al. 
(2006) also found that 95% of fires recorded by tree rings occurred during the dormant sea-
son. This is noteworthy because lightening strikes would have been rare during this time of 
year and, thus, most fire ignitions likely were of anthropogenic origin (Stambaugh et al. 
13 
2006). Greater knowledge of the frequency and timing of aboriginal burning would be helpful 
in understanding the factors that maintained historical vegetation (Stewart 2002), but evi-
dence suggests numerous ignition points and widespread burning during the dormant season. 
Ecologists widely accept that a combination of fire and grazing affected the structure 
of Great Plains grasslands prior to Euro-American settlement (Axelrod 1985, Schuler et al. 
2006), and bison grazing is considered to have been a keystone process (Milchunas et al. 
1988, Knapp et al. 1999, Fuhlendorf and Engle 2001). Yet, Schuler (2006) notes that, “the 
historical presence of large numbers of bison in tallgrass prairie has not been irrefutably 
established”; this uncertainty is also acknowledged by others (Botkin 1995, Shaw 1995, Shaw 
and Lee 1997). This lack of certainty is critical given that herbivore densities and herd size 
can have a substantial influence on the ecology of grassland systems (McNaughton 1984, 
Shaw and Lee 1997, Schuler 2006). Grazing impacts are mediated by their intensity; as graz-
ing intensity changes, so does its impact on succession (Noy-Meir 1989, Huntly 1991). 
Furthermore, the interaction between fire and grazing that affects the rate and trajectory of 
succession is dependent upon the ability of animals to maintain a “grazing lawn” 
(McNaughton 1984). If the population density of herbivores is below a certain threshold, the 
regrowth of vegetation surpasses the ability of grazers to maintain grazing lawns, allowing 
the continued accumulation of fuels (McNaughton 1984). 
Historical evidence does not support the hypothesis that plant community succession 
within the Loess Hills was widely affected by grazers. Although reported to be most preva-
lent in the northwestern part of the state, bison populations were thought to have been limited 
through most of Iowa (Dinsmore 1994). If an interaction between fire and grazers existed in 
the Loess Hills, it most likely occurred in the northern and eastern portions where bison 
populations were higher and the terrain is gentler.  By comparison, the steep, rugged topogra-
phy of the western bluffs of the Loess Hills was likely an impediment to intensive grazing by 
bison—as supported by studies of cattle on steep terrain (Valentine 1947, Mueggler 1965, 
Bailey et al. 1996).  
Elk and deer were recorded as being much more prevalent in Iowa in comparison to 
bison.  According to Dinsmore (1994), “bison were less common than elk and in fact were 
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almost uncommon on the prairies of Iowa” from 1820 through 1844. In addition, trash pits 
found in the remains of Native American earthen lodges within the Loess Hills revealed that 
elk and deer made up a large percentage of the aboriginal diet (Mutel 1989). 
The reduction of woody biomass by herbivores has been shown to have a significant 
effect on the historical recruitment of hardwood species within the Great Plains (Ritchie et al. 
1998, Ripple and Beschta 2007). However, contemporary studies on herbivore relations in 
tallgrass prairie and savanna often do not study elk, so the impact of this large herbivore is 
not well known. Studies on white-tail deer, however, indicate a dramatic effect on woody 
biomass (Davidson 1993, Ritchie et al. 1998). The combined impact of elk and deer may 
have been significant enough to affect the trajectory of grassland succession prior to Euro-
American settlement.   
Tree-ring data between the 1600s and 1983 indicate that the average period between 
droughts was 22 years in Iowa (Stockton and Meko 1983). While drought alone can slow 
plant growth or cause mortality, the likelihood of these negative effects increases when 
drought occurs in combination with fire (Riser 1990). For example, literature by Pyne et al. 
(1996) indicates that burns during periods of low moisture delays the recovery of woody 
vegetation. Historical records also report that fire during drought periods substantially 
affected the extent of wooded areas in the Midwest. For example, “…after unusual dry sea-
sons, more than one hundred acres of woodland were converted into prairie” (Wells 1819 as 
referenced by Stewart 2002).  
 
FIRE REGIME CONDITION CLASSIFICATION  
LANDFIRE data include information that identifies vegetation conditions, wildland 
fuel types and loads, and fire regimes, as well as their status with regard to reference condi-
tions. In turn, these data can be used for strategic management planning concerning vegeta-
tion, fire, and fuels. Some of these data are compiled to form the FRCC data layer (Hann et 
al. 2004). Using information on vegetation conditions and fire regimes, FRCC evaluates cur-
rent ecosystem conditions based upon their departure from HRV (Hann et al. 2004). Com-
plete details and instruction for calculating FRCC are available from the FRCC Guidebook, 
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Version 1.3, available at http://www.frcc.gov; however, four key aspects are important in un-
derstanding this local application and assessment: 
LANDFIRE protocol divides study landscapes into units based on the dominant pre-
Euro-American vegetation type. A vegetation class is termed a “biophysical setting” (BpS) by 
LANDFIRE FRCC standards, and is also referred to as a “stratum.” Each BpS is character-
ized by a distinct fire regime and structural conditions (Hann et al. 2004).   
LANDFIRE methods construct historical conditions through modeling—model 
parameters are fully outlined in BpS descriptions. BpS descriptions specifically contain 
information on (1) the geographic location of the setting, (2) historically prevalent 
disturbance regimes and their impact on succession, (3) the dominant species and size classes 
associated with each succession class, and (4) any factors that may compromise the accuracy 
of the description. The characteristics and specific model parameters associated with each 
succession class are fully described in its own section. Preliminary BpS descriptions are ini-
tially constructed, and then are reviewed by experts and revised. 
Model parameters outlined in the BpS descriptions are entered and run in Vegetation 
Dynamics Development Tool (VDDT; ESSA Technologies Ltd 1995-2009). Model results, 
in the form of estimates of the percent cover of each succession class on the historical land-
scape, are compared to current percentages to evaluate FRCC.  
FRCC divides departure into three categories, ranging from low to high. FRCC Level 
1 ecosystems are <33% departed from historical reference conditions and are considered to 
fall within HRV. FRCC Level 2 are moderately or 33-66% departed from historical reference 
conditions and FRCC Level 3 ecosystems are highly or >66% departed (Hann et al. 2008). 
We used these same analytical components in our local derivation of FRCC so that 
comparisons could be made between our effort and that of LANDFIRE National. We altered 
some of the details within these components in our derivation of FRCC, however, based on 
our local understanding of Loess Hills ecosystems. Specific methodologies employed in our 
derivation and that of LANDFIRE National are outlined below.  In both cases, we used a 
shapefile outlining the ecoregions of Iowa obtained from the ISU GIS Facility public data ftp 
server (ftp://ftp.gis.iastate.edu) to delineate boundaries of the Loess Hills region.   
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Locally derived FRCC—We chose to represent the Loess Hills with just one BpS due to the 
shifting character of historical vegetation in this region, as described by the available data 
(see Baseline Information for the Loess Hills).  Specifically, we represent vegetation accord-
ing to the “shifting mosaic” paradigm (sensu Bormann and Likens 1979). Under this para-
digm, the location of vegetation types on the landscape is determined solely as a function of 
time since disturbance; any vegetation type can shift from one landscape position to another 
over time depending on the location and frequency of disturbance. In the Loess Hills, fire was 
historically the primary disturbance. Fires likely burned certain geographic locations more 
frequently than others, but during the several hundred year period leading up to Euro-Ameri-
can settlement of the Loess Hills nearly all portions of the landscape received fire. The result 
was a highly dynamic landscape with the position of any given vegetation type moving from 
one location to another over time.  
Secondly, we adopted a “prairie-forest continuum” framework to represent vegetation 
succession in the Loess Hills and divided succession classes according to the presence, den-
sity, and type of woody vegetation. We did this for three reasons: (1) the length of time since 
fire in the region has a strong impact on the presence and density of shrubs and trees; (2) the 
presence, density, and type (i.e., deciduous vs. conifer) of woody vegetation can accurately be 
discerned from aerial photographs, which we used to represent current landscape conditions 
in the Loess Hills; and (3) the focus on structure rather than composition is well suited to 
LANDFIRE goals due to the impact woody cover has on the composition and density of fuels 
(Scholes and Archer 1997).  
In developing our BpS description of Loess Hills ecosystems, we considered all his-
torically prevalent disturbances and their impacts on vegetation (i.e., fire, grazing, browsing, 
drought), but only included those that could be quantitatively described based on existing 
data in the model. Our initial construction of the BpS description was based on reference 
conditions from literature, existing data, and expert opinion; we also incorporated select 
information from relevant LANDFIRE BpS models (Models 4114200, 3914200, and 
3913940). Two individuals—Dr. Tom Bragg of University of Nebraska-Omaha and Susanne 
17 
Hickey of The Nature Conservancy, both local experts on the ecology of the Loess Hills—
reviewed the BpS and provided feedback for improvement. We incorporated their comments 
where able (Appendix B). Our BpS description for the Loess Hills outlines (1) major vegeta-
tion classes, (2) the types, frequencies, intensities, and seasonality of prevalent disturbances, 
and (3) transition probabilities between vegetation classes included in our VDDT model 
(Figure 2.4). Specific parameters used in our VDDT model and rationale supporting their use 
can be found in Appendix A. 
To represent current ecosystem conditions in the Loess Hills, we worked with a local 
organization, the Loess Hills Alliance, to develop a new GIS land cover layer (Loess Hills 
Alliance 2008). Vegetation was classified and digitized using 2006 National Agriculture 
Imagery Program (NAIP) and 2002 false-color infrared imagery, field training data points, 
and a 1992 Gap Analysis Program (GAP) land cover dataset as ancillary data. The land cover 
classes used in this classification match the succession classes from our BpS description and 
other land cover classifications developed for the State of Iowa.  
Lastly, we characterized FRCC for the entire Loess Hills landscape, including those 
areas under developed and agricultural land uses. No portion of the landscape was eliminated 
from our analysis.  
At a stand level (i.e., 30 meter pixel level), we characterized the current vegetation 
types delineated by aerial photo interpretation and digitization, as either historically present 
or uncharacteristic. At this scale, historically present vegetation types are considered to fall 
within HRV (FRCC Level 1), while uncharacteristic types are highly departed (FRCC Level 
3; Table 2.1.).  With exception of the woodland class, which was found in similar portions at 
present as historically, all of the historical succession classes were found only in trace 
amounts on the current landscape. Uncharacteristic vegetation, including forest, was found to 
be much more abundant at present relative to modeled historical conditions—leading to a 
heavily departed landscape FRCC.  
Based on our construction of FRCC, the Loess Hills landscape is 76% departed from 
historical conditions. This percentage puts the Loess Hills at a Level 3 on the three-point 
scale of departure according to LANDFIRE National standards.  A Level 3 rating means that 
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the present vegetation composition and structure in the Loess Hills landscape is highly diver-
gent from that of the past and lacks the natural processes that maintained it, specifically the 
historical fire regime. For these reasons, we expect that the landscape has lost or is at risk of 
losing key ecosystem components (Hann et al. 2008). 
 
Nationally derived FRCC—According to LANDFIRE National, the Loess Hills ecoregion 
falls within two different mapping zones. Most of the region lies within Mapping Zone 42, 
but the northern portion lies in Zone 39. While the biophysical settings (BpSes) found within 
the two zones are similar, stand and strata level output were separated by zone (Figure 2.5), 
resulting in a greater number of settings and more complex model output compared to our 
estimate of FRCC. Six settings are present in Zone 42, while Mapping Zone 39 contains nine 
BpSes, including two additional grassland settings and one additional woodland setting over 
Zone 42. 
LANDFIRE National uses NatureServe’s mid-scale ecological classification system 
to map vegetation (Comer et al. 2003, USFS 2006). Mapping procedures include predictive 
landscape models based on extensive field reference data, satellite imagery, GIS biophysical 
gradients, and classification and regression trees (USFS 2006). Water, agriculture, sparsely 
vegetated, and urban areas are masked and removed from the analysis of departure. Due to 
the national scope of LANDFIRE, detailed decisions regarding the placement of boundaries 
between BpSes and vegetation classes are not documented within mapping procedures.  
Within Zone 42, stand-level departures for the Loess Hills are mainly at FRCC Level 
1 and 3 (Appendix C). At the strata level, however, five of the six BpSes are departed to 
FRCC Level 3. Discrepancies between stand- and strata-level departures come primarily from 
extensive areas of late successional and uncharacteristic vegetation. While late successional 
vegetation is plausible at a stand level under the shifting mosaic, it is historically aberrant at 
the strata level given the percentage of the landscape they comprise. The nationally derived 
FRCC incorporates a strong presence of wooded BpSes within its characterization of the 
historical environment. The presence of woody vegetation is thus deemed characteristic at the 
stand level. In comparison to Zone 42, Zone 39 has lower stand and strata departure values. 
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While late successional and uncharacteristic vegetation succession classes are present at a 
stand-level within this zone, these succession classes were not extensive enough to affect the 
strata-level characterization of FRCC. There are no strata FRCC values of Level 3 in this 
subregion and only several strata at Level 2 departure (Appendix C). Thus, strata-level FRCC 
differs dramatically between mapping zones, with most of the landscape characterized as 
Level 1 departure in Zone 39 and Level 3 departure in Zone 42. 
Under the nationally derived FRCC characterization, the current Loess Hills landscape is 
57% departed from the historical one, or at Level 2 departure (Appendix C). Given that the 
majority of the strata across mapping zones are characterized by Level 3 departure, we do not 
fully understand this landscape-level estimate. The Mapping Tool Users Guide (2007) states, 
however, that a common result of the averaging that occurs in moving from a fine-grained, 
stand-level analysis to a coarser, landscape-level one is the “washing out” of fine-scale 
results. Such averaging may explain this result 
 
Comparison of locally and nationally derived FRCC—We compared the results of 
LANDFIRE National FRCC to our locally derived FRCC for the Loess Hills using the FRCC 
Mapping Tool. The Mapping Tool quantifies, summarizes, and outputs the level of departure 
in ArcGIS according to the FRCC metric (Hann et al., 2008). The Data Access Tool was used 
to obtain data layers that the FRCC Mapping Tool uses as inputs. The Data Access Tool 
allows specific LANDFIRE data to be downloaded from the National Map in ArcGIS (Hutter 
et al. 2007). Data Access Tool also allows the user to choose the scale at which FRCC is 
determined (i.e., stand, strata, or landscape).  
We found prominent differences between our analysis and that of LANDFIRE 
National for the Loess Hills in both methods and results. Regarding methods, the two analy-
ses differ in terms of the (1) number of BpSes and (2) number and types of succession classes 
used to represent the Loess Hills, and (3) treatment of agricultural and developed lands.  We 
used only four succession classes within one landscape BpS in comparison to LANDFIRE 
National’s multiple succession classes within 15 separate BpSes. We chose to represent the 
Loess Hills with just one BpS because we focus on the status of the landscape as a whole 
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rather than individual components, realizing that historically any given location could have 
been in one of several different ecosystem states at any given time as determined by the time 
since the last fire. For this reason, we combined previously identified grassland and woodland 
biophysical settings into one BpS to represent a “shifting mosaic,” sensu Bormann and Lik-
ens (1979), of successional classes. We not only believe this classification is better suited to 
the dynamic character of grassland-dominated systems such as the Loess Hills, but also 
believe that it is more consistent with the HRV concept that LANDFIRE methodologies are 
built upon. In contrast, the nationally derived FRCC characterizes the historical landscape, or 
at least portions of it, as static. While we acknowledge that some areas within the Loess Hills 
may have historically been covered by woody vegetation for longer periods of time and that it 
may even be possible to designate them on the landscape, we avoided such designations 
because they cannot be supported with the available historical data for the region (see Base-
line Information for the Loess Hills). Our review of U.S. Public Land Survey records (Figure 
2.3) and ISPAID soils data (Figure 2.2) show that the occurrence of woody vegetation was 
uncommon and spatially inconsistent from a biophysical perspective. Even in riparian areas 
and on steep, north-easterly facing slopes—locations where the prevailing ecological para-
digm regarding interaction between topography, vegetation, and fire suggests have a higher 
probability of supporting woody vegetation—the presence of woody vegetation was sporadic. 
Thus, we believe our model, which acknowledges the presence of shrublands, savannas, 
woodlands, and forests but does not discretely map them on the landscape, more appropri-
ately considers the dynamic tendencies inherent to grassland-dominated ecosystems, such as 
the Loess Hills.  
Both classifications make use of remotely sensed imagery, field observations as 
ground truth data, and vegetation models to represent Loess Hills vegetation, but they differ 
in the amount of detail. We used many fewer succession classes than LANDFIRE National (5 
vs. 60 classes, not including uncharacteristic classes), a choice that reflects a tradeoff between 
specificity and accuracy. Including just five classes, our classification is quite general, but the 
level of accuracy in characterizing those five classes using available data and tools was quite 
high. We used the 2006 land cover layer for the Loess Hills (Loess Hills Alliance 2008), 
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which was derived from a combination of true color and color infrared aerial photographs. 
We then delineated succession classes according to structural characteristics that are readily 
visible on aerial photographs and are commonly used in such land cover classifications: 
grassland, savanna, woodland, forest. These classes fall along a “prairie-forest continuum”—
a gradient in the seral communities that represent the successional transition from grassland 
to forest. In comparison, succession classes mapped through LANDFIRE use satellite-based 
remote sensing data and NatureServe’s mid-scale ecological classification system (Comer et 
al. 2003, USFS, 2006), which is based on both species and structural characteristics. While 
we recognize benefits associated with the greater level of specificity provided by the 
LANDFIRE methodology (e.g., the ability to target rare communities for conservation), we 
were unable to develop an accurate species-based classification system given the available 
data, models, and time to conduct the analysis. Using remote sensing techniques to determine 
species-based succession classes within grasslands, if possible at all, requires large data sets 
and months of work to train computers and personnel on how to interpret and classify the sat-
ellite imagery. Because such a fine-tuned approach would require large inputs of effort and 
still not be clearly successful, we instead adopted a coarser level of classification based on the 
presence, density, and type of woody vegetation on the landscape, which can be accurately 
discerned from aerial imagery.  Furthermore, our focus on structure rather than composition 
is well suited for FRCC modeling due to the impact woody cover has on grass production 
(Scholes and Archer 1997) and the composition of fuels.  
Treatment of agricultural and developed lands also differed between the two analyses. 
These lands were removed from the LANDFIRE National’s FRCC analysis, a decision that 
eliminated roughly 57% of the Loess Hills landscape, portions which are the most highly 
altered. Instead, we include both agricultural and developed lands in our analysis and con-
sider them uncharacteristic vegetation types. Our treatment avoids the false dichotomy 
between “natural” and “humanized” areas, which is especially important in the Loess Hills 
where Native American’s were the primary source of fire (Stewart, 2002; Stambaugh et al., 
2006) and, hence, the primary driver of HRV in the region.    
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In terms of the end result, we estimated a 76% or Level 3 departure for the Loess Hills 
in comparison to LANDFIRE National’s landscape-level estimate of 57% or Level 2 depar-
ture. At 57% departure, the Loess Hills landscape is portrayed as having retained a significant 
portion of its native vegetation and historical processes. This result conflicts with on-the-
ground understanding of these systems. For example, the National Park Service Special 
Resource Study and Environmental Assessment reported that there were 22,250 acres of 
prairie remaining within the 640,000 acre Loess Hills landscape as of 1980, or roughly 3.5% 
(NPS, 2002; Selby, 2000, Appendix D of NPS). Given continued increases in forest cover 
and decreased grassland cover over time (Loess Hills Alliance, 2008), even less native prairie 
is likely to remain today.  
 
Comparison of locally derived FRCC and LANFIRE National’s nationwide FRCC—Most 
comparisons in this report are between our local assessment and results derived from running 
the FRCC Mapping Tool with LANDFIRE National’s data inputs at the level of the Loess 
Hills ecoregion. In this section we compare results from a different data product—
LANDFIRE National’s nationwide FRCC map (also known as “out-of-the-box 
LANDFIRE”)—with results from the Mapping Tool and results from our local assessment.   
Methods used to obtain the two LANDFIRE National products are similar and there is 
little difference between the two products in Mapping Zone 42. Differences do occur between 
strata departure values in Zone 39, however, and these effect landform-wide results and inter-
pretation. The nationwide FRCC map separates the northern portion of Loess Hills (Zone 39) 
in its calculation using averages from the adjacent subsection. We expect differences in the 
spatial extent of analysis are the reason why strata departure comparisons are not equal 
throughout the entire landscape. When FRCC is calculated at larger extents, such as subsec-
tions, smaller stand level qualities tend to wash out (see Nationally derived FRCC results). 
Results between the two methods are most alike when the specific landscape areas 
share only one ecological subsection. The major difference is that the nationwide FRCC map 
is limited to displaying strata level results, which become misleading for reasons discussed in 
the section Nationally derived FRCC results. FRCC Mapping Tool results can be displayed at 
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multiple extents, which are more relevant when viewed by local managers, as long as analysis 
is conducted within a landscape unit that does not contain multiple ecological subsections. 
Further comparison of our locally derived FRCC and LANDFIRE National is necessary 
because most users will only be aware of LANDFIRE National’s nationwide FRCC map.  
We made the comparison between the nationwide FRCC map and our local assess-
ment using the combine function in ArcGIS. The combine function created a layer identifying 
pixels based on combinations of values from local FRCC and the nationwide FRCC map. 
Pixels sharing the same value are said to agree, meaning both methods identify the pixel to 
the same FRCC value. Assessing the level of agreement between methods provides under-
standing of the types and extent of differences between the methods.  
Our comparison reveals that several land cover types—specifically agriculture, bar-
ren, and urban—are omitted from the nationwide FRCC map. Rather than omitting these land 
cover types, we classify these areas as FRCC3 in most (>56%) cases (Figure 2.6). This dif-
ference in treatment is important and is discussed in greater depth in the Comparison of 
locally and nationally derived FRCC section of the report as one of the improvements to be 
made to LANDFIRE FRCC methods. At a pixel level, areas where the two treatments agreed 
are in a small proportion of the FRCC3 (14%) and FRCC1 (4%) designations. There is no 
agreement in the FRCC2 category because we omitted the FRCC2 class in our stand level 
assessment (see Comparison of locally and nationally derived FRCC).  
More agreement (69%) among methods is observed when only the pixels included in 
the nationwide FRCC map are considered (Figure 2.7), as compared to 18% agreement when 
all pixels falling within the Loess Hills are considered. The most overlap is in the FRCC3 
category (53%), while 16% of pixels identified as FRCC1 agree. The most noticeable and 
possibly most important disagreement comes from 11% of pixels designated as FRCC1 by 
our local methods but classified as FRCC3 in the nationwide map (Figure 2.7). The next 
largest disagreement came from pixels classified as FRCC3 in our local methods but FRCC2 
on the nationwide map (10%). Pixels designated as FRCC1 by local method and classified as 
FRCC3 on the nationwide map occur in 7% of cases.  
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In comparing total pixels, areas of disagreement reveal a potential difference in vege-
tation classification techniques. Methods used to produce the nationwide FRCC map classi-
fied 15% of total pixels as agricultural, and are thus removed from calculation of FRCC; 
local methods considered these areas and classify them as not departed (FRCC1). This differ-
ence is likely due to error in the initial land cover classification. The change represents the 
conversion of agricultural areas to grassland, of which there has been little in recent years and 
was not suggested based on our analysis of aerial photographs from the region. Instead, land-
use change between 2000 and 2006, the respective dates of the imagery used by LANDFIRE 
National and our local assessment, largely indicates the opposite: the conversion of grassland 
to agriculture.  
Overall, the comparison of our locally derived FRCC with the nationwide FRCC map 
led us to several conclusions regarding methodological differences. We conclude that (1) 
LANDFIRE National and local methods considerably differ, (2) the Mapping Tool should 
only be run within one ecological subsection at a time, (3) managers need a higher mapping 
resolution when presented with representations of departure, and (4) the elimination of agri-
culture has a substantial effect on the overall representation of departure.  
 
DISCUSSION 
Prominent issues we perceived with LANDFIRE National’s methods and results in 
terms of representing local departure are as follows:  
• Incorrect determination of reference conditions; 
• Questionable validity of vegetation classification; 
• Ridged adherence to a sometimes inappropriate multi-scale structure; 
• Elimination of agricultural and developed lands from consideration of depar-
ture; and 
• Inability to more fully incorporate local ecological knowledge into the process.  
These issues often interact with one another, and can work to create an inaccurate depiction 
of ecological departure, as was the case with the Loess Hills region. In the following, we 
detail whether and how this inaccurate conclusion can be remedied.  
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Reference conditions—Unlike many other plant communities and associations, Midwestern 
tallgrass communities are not distinctly limited to certain geographical or biophysical loca-
tion (Figures 2.2 and 2.3). Historically, Native American burning played a seminal role in the 
patterning of plant communities, rendering purely biophysically based models inappropriate. 
Variability in environmental factors such as topography and microclimate have only a pro-
nounced impact on vegetation patterns when fire is less prominent in a system (Turner et al. 
1994, Kushla and Ripple 1997, Baker and Kipfmueller 2001). 
As a result of using an inappropriate biophysically based model, LANDFIRE National 
incorrectly assigns wooded BpSes to a large portion of the landscape (Figure 2.8). In particu-
lar, north and east slopes were heavily selected for the assignment of wooded BpSes in com-
parison to reference data (Figures 2.2 and 2.3). LANDFIRE National thus accepts uncharac-
teristic levels of woody vegetation into its assessment of departure and, as a result, conclu-
sions markedly differ from our own.  Not counting the major floodplains (which reference 
data indicate at least some persistence of trees), the total area occupied by wooded BpSes 
according to LANDFIRE National is 167,170 acres, or 24% of the landscape; this total 
increases to 37% when floodplain settings  are included. By comparison, we estimate the 
historical extent of woody vegetation at 7% of the landscape.  
To overcome the inappropriate use of biophysically based models in the geographic 
phases of LANDFIRE National methods, we recommend that local experts be asked to 
review BpS maps before they are finalized (also see Critique of FRCC methodology). We 
recognize that the scope of the LANDFIRE Project poses difficulty for frequent and in-depth 
collaboration; however, bypassing such accuracy can result in severely skewed results, as in 
the case of the Loess Hills. 
 
Vegetation classification—FRCC biophysical settings describe vegetative communities and 
their succession classes (i.e., seral stage). While remote sensing techniques are often used to 
identify and map plant communities over landscapes, the accuracy of such interpretations 
declines with the specificity of classification; for example, these techniques can separate 
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“forest” from “grassland” with a high degree of accuracy, but classifications that parse out 
different types of forest (e.g., oak-hickory vs. maple-basswood) or grassland (e.g., native 
prairie vs. native grasses mixed with introduced cool season grasses) from one another have 
higher associated error rates. Grassland succession classes are difficult to classify using such 
remote methods as ecologists commonly define grassland successional classes according to 
the accumulation of duff or by the height of new growth. Using remote sensing to determine 
succession classes within grasslands, if possible at all, requires large data sets and months of 
work to train computers and personnel on how to interpret satellite or aerial imagery.   
Because such a fine-tuned approach would require large inputs of effort and still not 
be clearly successful, we instead adopted a coarser level of classification based on the pres-
ence, density, and type of woody vegetation present on the landscape, which can be accu-
rately discerned from aerial imagery. This focus on structure rather than composition is well 
suited for FRCC modeling due to the impact woody cover has on grass production (Scholes 
and Archer 1997) and the composition of fuels. Different fuel types (i.e., grass, shrub, 
savanna, woodland, and forest) have different effects on fire behavior including fire return 
interval, rate of spread, and intensity. Thus, in our work, we represent Loess Hills vegetation 
according to a “prairie-forest continuum,” a gradient in the seral communities that, together, 
represent some portion of the successional transition from grassland to forest. Greater levels 
of woody plant cover represent more advanced succession, which results in increased resis-
tance to historical disturbances such as frequent fire.  
We recognize short-comings associated with the coarseness of our vegetation classifi-
cation (e.g., limited stand-level utility), but believe it provides the most appropriate portrayal 
of historical and present vegetation given constraints posed by data sources, methods, and 
time. While LANDFIRE National may opt for a finer classification to improve the utility of 
data products, we recommend that the accuracy of these products be made readily available to 
the user so as not to instill a greater level of confidence in the product than is warranted. 
 
Multi-scale structure—FRCC produces estimates of departure at multiple scales (i.e., stand, 
strata, and landscape; Hann et al. 2004), but—with the exception of inputs on fire regimes—
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uses the same model inputs for coarse- and fine-scale evaluations. We are concerned about 
the substantial amount of error associated with interpolating and scaling down limited 
amounts of data (Lowell and Jaton 2000), respectively, for landscape- and stand-level 
assessments. Landscape characteristics that are accurately observable at coarse scales are 
often of limited use to on-the-ground restoration projects because of their inability to 
differentiate species and fine-scale abiotic ecosystem components, as well as their interac-
tions (Miller and Hobbs 2007). Conversely, non-continuous, site-level information on the 
presence of species is of limited use to landscape-scale efforts. Some techniques and methods 
used in FRCC lack the ability to be accurately represented at all levels for which FRCC is 
assessed, which has the potential to be misleading to the uninformed user.  
We recommend assessing phenomena at a scale in which they can best be observed 
and evaluated. Landscape evaluations should be coarse in character, as appropriately allowed 
by continuous data input into such evaluations (e.g., remotely sensed imagery). Conversely, 
stand-level evaluations should be based on detailed on-the-ground surveys at specific loca-
tion, but appropriately represented as point data rather than a continuous surface. In this way, 
a higher level of confidence will not be subscribed to data products than is deserved.  
 
Agricultural and developed lands—LANDFIRE National methods eliminate a large portion 
of the U.S. Midwest from FRCC analysis because it is currently under agricultural production 
or it is developed. We argue that these lands should be included for two reasons.  First, the 
exclusion of agricultural and developed lands from FRCC analysis eliminates the most direct, 
substantial, and influential source of departure: land cover conversion. Not only does conver-
sion have direct, negative impacts on native ecosystems, communities, and populations, but 
converted areas often introduce exotic and/or invasive species, introduce pollutants, and alter 
hydrology to such an extent that nearby or connected habitat functions have been compro-
mised. The elimination of agricultural and developed lands is one of the reasons why 
LANDFIRE National failed to accurately assess departure for the Loess Hills region.  
Agricultural lands, specifically, should be considered by LANDFIRE National 
because of the restoration potential they offer. In many cases, reconstructing grassland on a 
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converted agricultural field is far more efficient in terms of time and money than restoring 
native grasslands overgrown by mature deciduous forest. We recognize that reconstructed 
prairies are usually depauperate in biodiversity in comparison to native remnants and bear the 
legacy of their previous land use for some time (e.g., poor soil structure, substantial bank of 
weed seeds); however, reconstructed prairies still offer viable habitat to a diverse array of 
species of concern and can be critical in providing linkages to overcome the effects habitat 
fragmentation on small populations (Shepherd and Debinski 2005).   
We suggest classifying agricultural lands as uncharacteristic vegetation, as in our 
local application. Their inclusion improves the accuracy of the FRCC determination and such 
areas may prove critical in on-the-ground restoration efforts.  
 
Local ecological knowledge—While incorporating local ecological knowledge is part of 
LANDFIRE methodologies (e.g., BpS descriptions are written by local experts, application 
projects such as this one are conducted by local experts), we suggest that the process needs to 
be modified to solicit and include feedback from local experts at multiple points in the devel-
opment process. In the case of the Loess Hills, we expect the overestimation of the extent of 
woody vegetation in the reference conditions could have been corrected if local experts had 
been consulted early on. 
While critical to improving the accuracy of end products, we expect that more thor-
ough incorporation of local expert knowledge into LANDFIRE methods would be difficult at 
present given the complexity of the existing tools and instructions. While tools such as the 
Data Access Tool (DAT) and FRCC Mapping Tool allow users to secure, consolidate, and 
analyze LANDFIRE data, we found that supporting materials are presently too cryptic for 
novices—such as ourselves at the beginning of this assessment—to use these tools on their 
own. Although online tutorials sufficiently depicted tool operation under ideal conditions, the 
rationale regarding tool function was limited. Such rationale would have been helpful in 
troubleshooting multiple problems that arose during our application project. We required in-
depth assistance from helpdesk personnel and/or other familiar users in setting up and trou-
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ble-shooting tools. While these resources were extremely helpful, we perceive that they could 
be strained if the use of local experts and their knowledge were expanded.  
In sum, improving the user friendliness of LANDFIRE tools and supporting materials 
would allow more local participation, leading to the increased accuracy of FRCC.  We expect 
these improvements would also likely lead to more local buy in, and subsequent on-the-
ground application of LANDFIRE products.  
 
Management Implications—s a program, FRCC directs attention to ecosystems in need of 
restoration, informing the allocation of scarce resources toward those systems showing the 
most departure. The goals are laudable; however, based on our local analysis, we perceive the 
potential for misallocation. For example, our study concludes that FRCC substantially 
underestimates the level of departure in Loess Hills grassland systems, largely because the 
rate of succession and amount, frequency, ands spatial ubiquity of fire were underestimated. 
Given the problems we identified in our local application, we are concerned that FRCC may 
overestimate departure in other systems, effectively biasing the allocation of resources to 
locations with lower need.  
Regardless of available resources, restoring heavily departed landscapes such as the 
Loess Hills is an extremely difficult task. Persistent challenges include fragmented patterns of 
ownership and land use (NPS 2002). Over 91% of the landform is privately owned and own-
ers hold diverse goals for their land (e.g., maximize agricultural productivity, privacy, hunt-
ing retreat, retirement property). Restoration of ecological communities is often a secondary 
interest and may not be compatible with the primary goals landowners hold for their land (D. 
Farnsworth, personal experience). Remnant prairie ecosystems comprise less than 3.5% of 
their former extent and are now surrounded by land uses that pose difficulty for the use of fire 
as a management tool (NPS 2002), especially at the frequency required to maintain grassland 
habitat in this region. Many of the remaining remnants may be lost to succession or develop-
ment in the near future.  
Given these challenges, restoration of the entire Loess Hills landform or even large 
portions of it is unrealistic. We instead recommend that resources be focused to first conduct 
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a rapid, on-the-ground assessment of all remaining remnant grasslands for their ability to 
accept fire as a management tool (either logistically or socially), floristic and faunal quality, 
and proximity to other remnants. The ability to use fire is key because it is the primary driver 
for the presence, restoration, and maintenance of diverse prairies in the Loess Hills. Without 
near annual prescription of fire, these areas will succumb to succession and the pool of native 
diversity will be lost. From this point, prioritization can be placed on buffering high quality 
remnants from other threats (e.g., development of surrounding parcels) or creating corri-
dors/stepping stones to increase the flow of genetic diversity among remnants. 
 
CONCLUSIONS 
We conclude that LANDFIRE FRCC meets its design goal of providing standardized 
input for broad-scale and complex decision-making processes; however, the input it provides 
is inaccurate in some cases. The Loess Hill of western Iowa, a unique landform with known 
conservation concerns, is one of those cases.  
The nationally derived FRCC considerably underestimated the level of departure in 
the Loess Hills at 57% departure (compared to 76% departure based on local assessment). 
The primary reason for the underestimation of departure was overestimation of the extent of 
woody (savanna, woodland, and forest) vegetation types when historical reference conditions 
were mapped. This inaccuracy, in turn, developed because the number, frequency, and ubiq-
uity of fire in the region were underestimated. The scale of LANDFIRE FRCC analysis, the 
application of a primarily biophysically based vegetation dynamics model, a failure to fully 
incorporate the impacts of Native American influence on fire regimes, and the elimination of 
agricultural and developed lands from calculation of departure all contributed to the failure of 
FRCC in this region. The implications of FRCC National’s inability to accurately portray 
departure in the Loess Hills is the potential misallocation of already strained resources to less 
departed regions with lower conservation need. 
Having critically evaluated FRCC for its weaknesses, we do recognize its positive 
potential. FRCC—with its landscape perspective, incorporation of the dynamic HRV con-
cept, and recognition of disturbance (and especially fire) as a natural ecosystem component—
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provides a state-of-the-art ecological decision-making framework. While some attributes of 
FRCC may be universally transferable among regions (e.g., HRV concept, VDDT modeling 
software, and a three level departure index), methods need to be refined to more fully incor-
porate local input at multiple points during the development process. When accurately for-
mulated, we expect FRCC to be a valuable tool for management and conservation in the 
Loess Hills and beyond.  
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TABLES AND FIGURES 
 
Table 2.1. Summary output from the locally derived FRCC (S-class = succession class). 
Vegetation S-class Reference% Current% 
Acre   
Difference 
S-class   
Status 
S-class  
RelAmt 
Stand  
FRCC 
Strata  
FRCC 
Grass A 93 23 -478696 Deficit Trace 1 3 
Shrub B 3 0.3 -18567.7 Deficit Trace 1 3 
Savanna C 3 0.3 -18738.5 Deficit Trace 1 3 
Woodland D 1 0.8 -1671.2 Deficit Similar 1 3 
Forest E 0 0 0 - - - - 
Uncharacteristic U 0 75.7 517673.5 Surplus abundant 3 3 
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Figure 2.1. Location of the Loess Hills within the U.S. Midwest. 
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Figure 2.2. Long-term vegetation cover for a portion of the Loess Hills as described from soil 
characteristics (ISPAID 2004).
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   Figure 2.3. Vegetation as described in the original Public Land Surveys circa 1854.
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Figure 2.4. States and transitions “box model” incorporated in the locally derived Vegetation 
Dynamics Development Tool (VDDT) model for the Loess Hills. Boxes represent succession 
classes within the local model, while arrows and circles represent transition disturbances that 
decide the relative amounts of each succession class within the model.  
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Figure 2.5. LANDFIRE National Biophysical settings for Mapping Zones 39 and 42 in the 
Loess Hills; inset shows portion of the Loess Hills mapped. 
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Figure 2.6. A comparison of Local and National Fire Regime Condition Classification 
(FRCC) results. Agreement among methods for pixels considered in analysis for the 
nationwide FRCC map. 
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Disagree 
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Figure 2.7. Total pixel comparison between our locally derived Fire Regime Condition 
Classification (FRCC)  and nationwide FRCC map. 
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Figure 2.8. LANDFIRE biophysical setting (BpS) designations for the central portion of the 
Loess Hills showing fine-scale differentiation according to topographic variability. 
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CHAPTER 3. THE ASSESSMENT OF GRASSLAND VEGETATION IN 
THE LOESS HILLS AND A TARGETED APPROACH FOR 
CONSERVATION 
A paper to be submitted to Ecological Restoration 
Dustin Farnsworth, Lisa A. Schulte Moore, and Susanne Hickey 
 
ABSTRACT 
One half of Iowa’s native remnant prairie lies within the Loess Hills landform of 
western Iowa. Development, woody encroachment, and agriculture are constantly changing 
the size and shape of this grassland habitat. Identifying the spatial distribution of threatened 
grassland habitat enables managers to more efficiently allocate resources towards areas of 
greatest conservation potential and maintain habitat for obligate species. Our objective was to 
identify spatial patterns of grassland within the Loess Hills region using landscape metrics, 
including total area, nearest neighbor distance, edge density, and patch cohesion. A conser-
vation priority index (CPI)—which scores row cropped areas based upon proximity to rem-
nants and corn suitability rating (CSR)—was also developed to identify cropped areas with 
the greatest potential to promote connectivity of grassland remnants. Acres targeted by the 
CPI were hypothesized to have a disproportionate affect on the spatial metrics of interest. 
Evaluations were carried out at two scales: over the whole Loess Hills landscape and within 
prioritized regions of conservation called Special Landscape Areas (SLAs). Metrics show that 
grassland habitat is more abundant and more physically connected in the northern half of the 
Loess Hills. Within SLAs, the second most northern SLA, Plymouth South, had a high value 
of total area, the highest value of cohesion, and the lowest nearest neighbor distance between 
grassland cover types. The southern-most SLA, Waubonsie, shows nearly the opposite scores 
using the same metrics. Within SLAs, 83.4 percent of cropped acres scored in the top 30 per-
cent of the CPI. Those 10,903 acres could have 93 percent of the total potential increase in 
connectivity and 92 percent of the total decrease in edge density of grassland habitat if con-
verted to native grassland vegetation. However, the CPI does not have a disproportionate 
effect on connectivity and edge density, nullifying our original hypothesis. The CPI was 
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useful in that it identified a high amount of row crop agriculture within SLA’s. Many acres of 
row crops are being grown in areas with low overall production potential. If converted to 
native vegetation these areas would significantly add to the total amount of grassland habitat 
in the region.  
Keywords: Conservation priority index (CPI), grassland, remnant prairie, spatial pattern 
 
INTRODUCTION 
Native biodiversity in the Loess Hills is threatened by development, woody 
encroachment, and agriculture. Advocates of Loess Hills conservation are concerned over the 
current status of the remaining remnant vegetation and how best to carry out conservation 
efforts with limited resources. The evaluation of landscape patterns can provide managers 
with important context and thus, assist in deciding how to apply limited conservation 
resources.  
Over half of the remaining remnant prairie in the state of Iowa is found within the 
Loess Hills region (Mutel 1989, NPS 2002). Loss of remnant prairie threatens to reduce local 
biodiversity. Retention of the region’s native remnant prairie is critical, mainly because 0.01 
percent of Iowa’s once vast prairies are still being lost to development, agriculture, and 
encroachment by trees and shrubs. The Loess Hills region has the advantage of retaining one 
of the state’s largest collections of remnant patches because of the terrain rich geophysical 
characteristics that harbor steep sided bluffs and long xeric ridge tops. Remnants are some-
what consolidated within the landform, making the targeting of conservation efforts more 
efficient. However, increased possibilities have not been met with increased resources meant 
to capture such opportunities. Focusing conservation efforts on areas of greatest potential 
success is necessary for the work to have lasting impact.  
Historically, the spatial identity of grasslands—specifically tallgrass prairie—was its 
continuously expansive, treeless character. Many grassland obligate species in decline today 
once thrived under grassland dominated landscapes. Overall, 55 grassland species are threat-
ened or endangered, and 728 species are candidates (Samson and Knopf 1994). 48 percent of 
grassland bird species within the United States are of conservation concern, and 55 percent  
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have declining populations (North American Bird Conservation Initiative 2009). Data suggest 
that grassland birds and other obligates are experiencing drastic population declines because 
of habitat fragmentation and direct effects of habitat loss (Knopf 1986, Herkert 2003).   
Conserving grassland habitat is difficult due to competitive land uses like agriculture 
and the severe fragmentation that accompanies both rural and urban development, which hin-
ders ecosystem function and its related properties. The establishment of refuge habitat was 
intended to reduce these effects. However, the design of such refuges upon the landscape has 
been debated for some time. Contentions over refuge design are mainly held when attempting 
to generalize the affect of coarse-filter conservation approaches over specific organisms. This 
chapter focuses on Loess Hills prairie as an ecosystem, with the assumption that the coarse 
filter approach to spatial habitat characteristics evaluation will benefit a large number of obli-
gate species, while the needs of some species are likely to be left unmet.  
This chapter uses grassland birds as a primary example of obligate species and related 
wildlife-habitat relationships; because they are highly targeted for conservation and for their 
value as indicators of habitat quality (Browder et al. 2002). Prominent spatial characteristics 
that negatively affect many grassland species include decreased total area of habitat, connec-
tivity, wooded edge habitat (Pashley and Fitzgerald 1996, Walker 2005) and increased edge 
density (Fletcher and Koford 2002, Walker 2005). Spatial identity of grasslands—specifically 
tallgrass prairie—was historically its continuously expansive, treeless character. To accom-
modate obligate species that require spatial habitat characteristics reminiscent of historical 
conditions, landscapes should be managed to limit the aforementioned characteristics.  
The spatial arrangement of habitat is linked to many critical ecosystem processes 
(Baskent and Jordan 1995, Gustafson 1998, Turner et al. 2001), such as the movement of 
organisms, redistribution of nutrients, and spread of natural disturbance (Turner et al. 2001). 
The influence of spatial characteristics is not limited to large scale ecosystem processes. 
Wildlife-habitat interactions often focus on structural spatial characteristics, such as the over-
all amount of a habitat type, the shape of a habitat patch, or the amount of associated edge 
(Thomas et al. 1978 and 1979, Strelke and Dickson 1980, Morgan and Gates 1982, Logan et 
al. 1985, McGarigal and Marks 1995). Wildlife-habitat relationships are mostly organism 
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specific, dictating that the functional effects of landscape structure are interpreted on a 
species-by-species basis (McGarigal and Marks, 1995). However, influential metrics can be 
used to compare habitat types or landscapes and later discussed in the context of specific 
organisms (Lovell and Johnston 2009).   
The types of data available often determine the metric(s) used to quantify spatial pat-
tern (Calabrese and Fagan 2004). In the case of the Loess Hills, fine grain biological data are 
lacking. However, newly acquired land cover data (Loess Hills Alliance 2008) provide spa-
tially explicit information on vegetation types and arrangements, and is suitable for spatial 
pattern analysis (Calabrese and Fagan 2004). In using these land cover data, our objectives 
were to: 
1. Define and quantify the landscape structure of grassland habitat over multiple 
scales using multiple metrics; 
2. Develop a conservation priority index (CPI) to identify non-grassland areas that 
could provide the greatest potential for conservation success; 
3. Analyze potential increases in desirable spatial characteristics of habitat within 
Special Landscape Areas using the newly developed CPI; and 
4. Interpret how landscape structure might influence relationships between wildlife 
and its habitat. 
This chapter will present the results of these objectives and discuss potential implications 
related to conservation in the Loess Hills.  
 
STUDY AREA  
 The Loess Hills extend north from Holt County in northwestern Missouri to Ply-
mouth County, Iowa (Figure 2.1). The landform runs 200 miles parallel to the Missouri River 
and covers over 640,000 acres (NPS, 2002). While loess soils are not rare, the Loess Hills are 
a globally unique landform with regard to the quantity and form that the loess was deposited. 
The loess in western Iowa is composed of Aeolian sediment swept up from the Missouri 
River floodplain and largely deposited over the last 30,000 years (Bettis, 1990; NPS, 2002). 
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Extended periods of wind deposition contributed to a current height of, in some instances, 
over 200 feet of loess (NPS, 2002). 
The average minimum and maximum temperatures are 13-91 degrees Fahrenheit 
respectively (EPA 2009). Average annual precipitation in the Loess Hills ranges 25.6-34.3 
inches (Bettis, 1989), with higher amounts occurring in the southern Hills than in the north. 
Well-drained Aeolian soils in combination with steeply dissected topography create moisture-
limited conditions on the upper portions of the slopes. Ridges, draws, and valleys also pro-
vide sheltered areas with variable microclimates.  
Historically, prairie vegetation was dominant throughout the Loess Hills, but areas 
with woody vegetation were patchily distributed within this matrix of openlands and were 
most often located in sheltered ravines and riparian areas (Figure 2.2 and 2.3; Mutel, 1989; 
NPS, 2002; Agren, 2004; Stambaugh et al., 2006). Principle prairie species in the region 
include sideoats grama (Bouteloua curtipendula), little bluestem (Schizachyrium scoparium), 
big bluestem (Andropogon gerardii), heath aster (Aster ericoides), blue eyed grass (Sisy-
rinchium montanum), Scribner’s panic grass (Dicanthelium oligosanthes), whorled milkweed 
(Asclepias verticillata), Missouri goldenrod (Solidago missouriensis), leadplant (Amorpha 
canascens), and plains muhly (Muhlenbergia cuspidata) (Rosburg 1994). Bur oak dominated 
the majority of fire tolerant savanna and woodland communities (Mutel, 1989), while cot-
tonwood (Populus deltoides) and willow (Salix spp.) were likely present in some riparian and 
other wet areas (Moulton, 1986). 
 The Loess Hills landscape supports a variety of growing conditions ranging from 
grasslands to forests. Currently, deciduous forest and xeric prairie communities occur in rela-
tively close proximity to one another. Topographic variability, lack of disturbances such as 
fire, and favorable climate has led to a diverse array of plant community types and associated 
fauna. The landform supports both deciduous forest and grassland. While a significant por-
tion of the landform remains as grassland vegetation, only 3 percent of it is considered rem-
nant (Chapter 2). The rest of the landform is occupied primarily by row crops and 
development areas. 
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METHODS 
Loess Hills vegetation—The primary source of data used in this study was a land cover 
classification conducted by Saint Mary’s Geospatial Services, Winona, Minnesota (Loess 
Hills Alliance 2008) in 2008. Land cover units were classified and digitized as polygons using 
a one acre minimum mapping unit using National Agriculture Imagery Program (NAIP 2006) 
aerial photographs with a one meter maximum resolution, and 2002 false-color infrared imagery 
with one meter maximum resolution. Air photo interpretation was informed with field-based 
vegetation sampling points. A 1992 Gap Analysis Program (GAP) land cover dataset was further 
used as ancillary data in conducting the classification. 
 Vegetation was classified at the alliance or formation level following National 
Vegetation Classification Standards for the Midwest as modified by The Nature Conservancy 
(Iowa GAP Analysis Program 2001). Example distinctions include woody vegetation that is 
classified both by type and structure; such as shrub, deciduous woodland, and redcedar forest. 
There are 28 total classes in the classification (Table 3.1). Classes that comprised a majority 
of the landform were analyzed at the landscape scale. Cropland, forest, grassland, develop-
ment, and remnants were analyzed for total area, mean patch size, edge density, nearest 
neighbor, and patch cohesion (Table 3.2). Their analysis was conducted over the entire land-
form in order to provide context for more specific vegetation comparisons and an overall 
synopsis of Loess Hills land cover.  
 
Habitat comparison—Land cover data for the Loess Hills (Loess Hills Alliance 2008) and a 
modified version of The Nature Conservancy’s (TNC) digitized Loess Hills remnant prairie 
shapefile were used as data inputs for spatial pattern analysis. Data were separated into three 
main categories: remnant prairie, cool season grassland, and combined warm and cool season 
grassland. These inputs provided spatially explicit information on the amount and configura-
tion of grassland habitat in GIS format and thus were suitable for spatial pattern analysis 
(Calabrese and Fagan 2004).  
We selected and merged cool and warm season grass classes from the 2008 vegetation 
classification data, forming a combined grassland habitat layer. The cool season class was 
also evaluated separately for its potential contribution to grassland conservation. A compari-
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son involving the warm season class by itself was omitted from analysis because recombined 
remnants were not subtracted from the whole warm season class. Roughly 35 percent of the 
total warm season class contained polygons also classified as recombined remnants. This 
relationship convoluted any statistical comparisons made using a standalone warm season 
grass class.  
We made attempts to segregate recombined remnants from the warm season class, but 
decided that the resulting data layers were not accurate enough to provide a valid comparison. 
Patch number, density, mean size, and nearest neighbor would have all been altered in a way 
that would negatively influence comparison among classes. Comparisons involving the warm 
season class were limited to its relationship with the cool season and combined grassland 
class. 
To spatially identify remnants, we acquired a data layer identifying Loess Hills rem-
nant prairie from TNC. The cooperating agencies that developed the layer used a combination 
of interpreted early 1980’s color infrared air photos and ground truth mapping to delineate 
remnants throughout the Loess Hills. Upon inspecting TNC’s remnant file with air photos 
taken at approximately the same time the remnants were delineated, the polygons were found 
to inconsistently delineate the shape of grassland habitat. Deciduous forest overlapped prairie 
polygons, while prairie directly connected to the polygons also lay outside the shape. While 
the exact shape of remnant polygons was inconsistently delineated, the status of TNC’s poly-
gons as remnant was believed to be accurate. To increase the accuracy of spatial pattern 
assessment, the shapes of remnant polygons were modified using current vegetation data and 
ArcGIS toolbox functions.  
To correct for inaccurate polygon delineation, we merged TNC remnant polygons 
with the current warm season class. Deciduous tree cover was then erased from that union in 
order to account for any encroachment since the time of remnant assessment. These altera-
tions to remnant polygons were intended to improve the spatial accuracy of previously 
delineated polygons and update their current boundaries. This remnant shapefile was then 
used as focal data when analyzing connectivity amongst itself and between grassland types.  
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For all data, we converted GIS polygon data layers to raster format and overlayed the 
boundaries of Loess Hills Special Landscape Areas (SLA’s) to extract habitat data per indi-
vidual SLA. When evaluating the Loess Hills for areas having the greatest potential to con-
serve biodiversity, special landscape areas (SLA’s) were created by a National Park Service 
research team in order to focus conservation action (NPS 2002). Totaling 100,010 combined 
acres, these SLAs contain greater than 80 percent of the regions biodiversity (Mutel 1989, 
NPS 2002). Evaluating grassland habitat types per SLA might help quantitatively prioritize a 
specific SLA and further focus management efforts. Data were formatted for the entire Loess 
Hills Landform. Prior to analysis in FRAGSTATS (McGarigal and Marks, 1995)—a com-
puter software program designed to quantify spatial patterns—data were converted from 
raster to ASCII text format.  
Landscape metrics used to compare grassland types within the landform and between 
SLAs included total area, mean patch size, nearest neighbor mean, nearest neighbor coeffi-
cient of variation, patch cohesion, and edge density. These metrics were specifically chosen 
for their ability to describe the structural pattern of habitat while also inferring potential con-
nectivity. Structural descriptors are best when organism specific information that can describe 
functional patterns is lacking (McGarigal and Marks, 1995). Total area, mean patch size, and 
edge density all relate to core area, which is an important spatial quality of habitat that affects 
population dynamics, specifically in grassland breeding birds (Coppedge et al. 2001, Johnson 
and Igl 2001). While an important factor, core area is an organism specific metric and could 
not be calculated here as we lack organism specific information for the Loess Hills. Thus, this 
chapter evaluates landscape pattern relative to grassland obligate species in general, and lacks 
organism-specific spatial requirements. Chosen metrics can be interpreted for implications to 
core area, without considering specific species.  
Nearest neighbor and patch cohesion values are class metrics that can be used to 
evaluate the connectivity of habitat. Connectivity of habitat is a major consideration when 
considering refuge design and the conservation of species. These metrics are also structural 
attributes of habitat that can be defined without organism specific requirements. Remnants, 
cool season, and combined grassland habitat layers were analyzed using these metrics as 
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parameters in FRAGSTATS. Parameters were used to evaluate patterns within the landform 
as a whole and between individual SLAs.  
 
Conservation priority index (CPI)—We developed a conservation priority index (CPI) to con-
sider areas that are currently cropped for their potential contribution to grassland conserva-
tion. The CPI values a particular map pixel according to the distance to the nearest remnant 
and its corn suitability rating (CSR). The additive value is weighted by the maximum score of 
the nearest remnant and CSR value, multiplied by 100, and then subtracted from one—to cre-
ate the relative index (Equation 3.1).  
Equation 3.1     CPI = [1- ((CSR+distance) / maximum(CSR+distance))]*100 
We hypothesize that the targeted conversion of agricultural lands with a low corn suit-
ability rating (CSR) and close to remnants will disproportionately affect metrics of analysis in 
a positive direction from a conservation perspective. Remnants are often relegated to the 
most rugged terrain and consequently are less suitable for cultivation due to extreme slope 
and less productive soils. Pixels closest to remnants having low CSR will supposedly have a 
high chance of connecting other nearby remnants or contributing to the patch size of an indi-
vidual remnant patch because the index is meant to prioritize cropped acres closest to rem-
nants. 
Including CSR in the CPI has multiple benefits. The calculation of CSR takes 
weather, soils, slope, and other soil profile properties into consideration (ISU Extension 
2005). If remnants are consistently located in the most rugged terrain of the Loess Hills, a 
low CSR rating will likely concur that areas near that remnant are unfit for the production of 
row crops. Other than affirming topographic roughness of a particular area, CSR can infer 
possibilities of restoration. If a parcel of land is less suitable for row crop production, it has 
less of a market value and there is less opportunity to collect income from high grain prices. 
Given that most conservation organizations work on tight budgets, lower land prices and less 
competitive land use means conservation organizations have a better chance of restoring or 
conservation native vegetation on a particular site. Using this logic, the CPI infers the degree 
of feasibility for conservation on a particular site.    
58 
We constructed the CPI by first selecting and extracting all cropped areas from the 
2006 vegetation classification (LHA 2008). Spatial data on CSR was obtained from an Iowa 
Soil Properties and Interpretations Database (ISPAID) and converted to raster format. 
ISPAID data were then extracted using a mask of cropland identified in the 2006 vegetation 
classification (LHA 2008) and then again by Loess Hills Special Landscape Areas (SLAs). 
This CSR raster layer was joined with another raster constructed using the Euclidean distance 
tool in the ArcGIS toolbox. The Euclidean distance tool calculates the Euclidean distance to 
the closest source of a specified feature, for each cell within a specified extent. Using the 
modified remnant data layer as the specified feature, this function gave every 30 meter raster 
cell within the Loess Hills an attribute identifying a distance to the closest remnant prairie. 
This raster layer was then extracted by a mask of SLAs. 
To produce a layer identifying a priority index, the CSR raster and nearest remnant 
raster were joined to produce a 30 meter pixilated raster layer with individual cells having 
attributes labeling its CSR and distance to the closest remnant. A priority index field was then 
added to the attribute table and field calculator was used to assign a priority index value to 
every raster cell using equation one. High CPI values equate to high conservation priority 
because of their proximity to remnants and low corn growing suitability. Low CPI values are 
of low priority because they have less chance of affecting remnant connectivity and edge den-
sity—being more suitable for row crops.  
Incremental percentages ranging from 95 to 0 percent of the total CPI raster score 
were selected and made into separate data layers. After conversion to polygons, each of these 
layers was then individually merged with the modified remnant data layer. After merging, 
layers were converted back to raster format and then into ASCII text format for use in 
FRAGSTATS. These incremental layers were analyzed for potential connectivity using the 
patch cohesion metric (Equation 3.2) in FRAGSTATS. Patch perimeter (Pij), patch area (aij), 
and landscape area (A), are used as inputs in the patch cohesion equation (Equation 3.2).          
 
Equation 3.2
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We calculated edge density by using Xtools extension in ArcMap to determine the 
perimeter (meters) and area (hectares) of polygons using the same incremental framework as 
patch cohesion calculation. At each increment, edge was divided by area to give a per unit 
density of edge in meters per hectare (Equation 3.3).  
Equation 3.3    Edge density = ln(perimeter/area) 
Results were log transformed and plotted against incremental CPI scores (Tables 3.3.). 
 
RESULTS 
Overall land cover comparison—Cropland (47%), deciduous forest (20%), grassland (23%), 
and developed areas (6%) make up 96 percent of the total Loess Hills landform. To provide 
context on the spatial pattern of the Loess Hills, these classes were analyzed for total area, 
mean patch size, edge density, nearest neighbor, and patch cohesion (Table 3.2). 
 Results for the entire landscape show patterns similar to SLA’s. Cropland covers most 
of the landform at 47 percent. Cropland has the largest mean patch size, cohesion, and edge 
density values. This can be interpreted to say that cropland in the Loess Hills is continuous/ 
connected, and consists of large, relatively simple shapes. Grassland ranks second in overall 
area and is similar to the forest class in almost every metric except nearest neighbor distance. 
Forest patches are closer to each other than are grassland patches. There is twice as much area 
in development as there is remnant prairie. The land cover classification made distinctions 
between highly vegetated development and less vegetated development. The highly vegetated 
development is more likely to occur in urban population centers, while less vegetated areas 
are consistently rural. Rural development comprises approximately half the total development 
in the region. When separated from its urban counterpart, cohesion of rural development was 
8 percent lower, meaning it is less clustered. 
 
Grassland vegetation comparison—Total area of remnant habitat was smaller than all other 
grassland vegetation types. Total area and mean patch size increase between remnant, warm 
season, cool season, and warm- and cool-season grassland combined. This trend of increasing 
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values from remnant to combined grassland habitat was true for metrics describing individual 
patches, but metrics describing spatial arrangement showed slightly different results.  
Using Euclidean distance nearest-neighbor values, remnant vegetation was shown to 
be closer to each other than all other grassland vegetation types. This pattern was also sup-
ported by a relatively high patch cohesion value. However, the most discerning metric was 
the nearest neighbor coefficient of variation, which considers standard deviation in relation to 
the mean. The coefficient of variation showed that even though remnants are closer to each 
other on average, the distribution was irregular (Table 3.4). The edge density metric also sup-
ported an irregular, dissected pattern among remnants. The shape of cool season and com-
bined grassland layers were relatively blocky, as shown by a smaller edge density (Table 3.2).  
As with the entire landscape, analysis of FRAGSTATS output per SLA reinforced 
prior assumptions about which portions of the Loess Hills region contain the greatest 
amounts of grassland habitat and their potential to be conserved. Among the 12 SLAs, the 
northern half consistently shows more potential for conservation across all metrics, supported 
by higher absolute amounts of grassland vegetation and greater physical connectedness 
(Appendix D). 
The SLA with the greatest contribution to current grassland habitat was Plymouth 
South (Appendix D). Plymouth South had the highest total area of remnant habitat, while also 
displaying a high degree of connectivity, shown by a low nearest neighbor value and a high 
cohesion value. A low coefficient of variation suggested that remnants in Plymouth South 
were regularly distributed across the landscape, possibly contributing to higher conservation 
potential when warm- and cool-season grasslands were combined. When combined, grass-
land vegetation in Plymouth South had a cohesion value of 99.6, meaning grassland habitat 
was highly connected.  
Plymouth North had values similar to Plymouth South according to all metrics, but 
contained almost half the total area of warm season habitat and a larger nearest neighbor 
average, meaning habitat patches were more separated than those in Plymouth South 
(Appendix D). Cohesion values between Plymouth North and South were similar; but metric 
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values were lower for remnants in Plymouth North, while cool-season grassland metrics were 
higher (Appendix D).   
The lowest values related to total area and connectivity were associated with the most 
southern SLA—Waubonsie SLA (Appendix D). This SLA contained the least total area of 
remnants and had the smallest cohesion values related to connectivity of remnants. Overall, 
landscape metrics suggest Waubonsie SLA has the least potential for conservation. Waubon-
sie may have the most need for restoration, but its landscape status compared to other SLA’s 
means grassland restoration and obligate species conservation would be less efficient there.  
Overall, Plymouth North, Plymouth South, Luton, Grant Center, Turin, and Little 
Sioux SLAs showed considerably higher values related to total area of grassland habitat and 
its connectivity. Comparative values from FRAGSTATS can be viewed in Appendix D.  
 
Conservation priority index (CPI)—CPI scores ranged from 0-1, zero having a low value of 
conservation priority and one having a very high value for conservation priority. The overall 
distribution of CPI scores was skewed to the right; in other words, towards values with high 
conservation potential (Figure 3.2). The upper 30 percent of conservation priority index 
scores accounted for most of the total potential increase in connectivity of remnants (Figure 
3.3). Eighty-three percent (10,903 acres) of total cropped acres within SLA’s explain 93 per-
cent of the increase in potential connectivity, if they were converted to reconstructed grass-
land habitat. Similar results were found when edge density was evaluated in relationship to 
CPI scores; the upper 30 percent of CPI scores captured 92 percent of the potential improve-
ment (low edge density) (Figure 3.4).  
Connectivity increased by only 1.9 percent when adding cropland identified with the 
CPI due to the the large geographic area included in the calculation. Patch cohesion uses total 
area as an input, and thus results are sensitive to the area over which calculations were carried 
out. Comparison of cohesion within individual SLAs showed much different results; varying 
as much as 26 percent. 
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DISCUSSION 
As the concept of ecosystem management has evolved, emphasis has been placed on 
restoring ecosystem components considering the historical range of variation (HRV). Histori-
cal range of variation describes a gradient of spatial and temporal conditions that can be used 
as guidelines for the maintenance and restoration of biodiversity and ecosystem function 
(Cissel et al. 1999, Landres et al. 1999, Moore et al. 1999, Wong and Iverson 2004). Know-
ing relative system structure and the processes that maintain it is key in computing HRV. 
Landscape scale ecosystem management directs efforts toward the restoration of characteris-
tics that fall within the historical range of variation, including spatial patterns (Egan and 
Howell 2001, Nonaka and Spies 2005). Spatial qualities inherent to individual ecosystems 
often affect key system processes (Turner et al. 2001). Consequently, the spatial pattern of 
habitat should be reconciled with landscape qualities found to be concomitant with HRV.  
Results from the previous chapter determined that the overall composition of land-
scape vegetation is departed from its HRV by as much as 76 percent. Grassland currently 
occupies 23 percent of the landscape—compared to the historical reference percentage of 93 
percent. Relative to HRV considerations, this estimation is very conservative because it is a 
combined value of warm- and cool-season grassland. Remnants only occupy an estimated 
three percent of the landscape (NPS 2002, Chapter 2). Remnants contain the most biodiver-
sity among other grassland vegetation types. Other grassland vegetation such as cool-season 
and low diversity warn-season stands can contribute to the habitat needs of some obligates, 
but are generally thought to be depauperate in native diversity (Chapter 2). 
 Analysis of remnant spatial pattern found that Loess Hills remnant prairie is small in 
average patch size, non-uniformly distributed, and has a high degree of edge density. Sur-
prisingly, relative continuity of remnants exists today as shown by the results of this research. 
Remnants are mostly relegated to the most rugged and agriculturally unfit landscape posi-
tions. In the Loess Hills, these areas are consistently located on steep-sided bluffs proximal to 
the Missouri River floodplain. Because of the fairly linear and continuous character of these 
ridges, remnants are more connected than other types of grassland habitat.  
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Remnants harbor much of the native biodiversity in the region, but the majority of 
grassland vegetation in the Loess Hills consists of cool season, non-native species. Nearest 
neighbor averages show that cool-season grassland is somewhat disjunct, while edge density 
and coefficient of variation show a relatively simple shape pattern and uniform distribution. 
While cool-season grassland patches are farther away from each other, there are more of 
them. Cool-season grassland thus makes a significant contribution to the connectivity of total 
grassland habitat. 
Cool season habitat often takes the form of exotic grass pasture and older conserva-
tion reserve plantings. Its value as habitat is highly variable. Cool season patches are most 
often utilized as pasture or hayed. Both of these land uses can negatively affect grassland bird 
populations depending upon use intensity and frequency (Walker 2005).  However, if cor-
rectly managed, non-native grassland can contribute to the conservation of grassland species 
(Chapman et al. 2004). Correctly applied disturbance, conservation strategies such as delayed 
haying (perlut et al. 2006), and other forage reserve strategies (Walker 2005) might be valu-
able conservation tools when considering the contribution of non-native grassland and rela-
tive beneficial landscape characteristics. These practices could potentially increase the 
conservation value of non-native grassland by increasing available cover for breeding birds 
and other obligates (Patterson and Best 1996). At the patch level, many grassland obligates 
are not as concerned with the composition of grasslands as they are structural characteristics 
(Chapman et al. 2004).  
While relatively connected, the irregular pattern and high edge density of remnants 
infer that they may not be suitable for some species that are sensitive to edge effect and need 
larger core areas, such as Bobolinks (Dolichonyx oryzivorus) and Northern Harrier (Circus 
cyaneus) (Johnson and Igl 2001). Because remnants have retained some connectivity, the 
main focus of spatial habitat improvement needs to be on the increase of core area and 
decreasing edge density. Attempts to improve those measures should focus on remnants but 
should not necessarily be limited to resource-demanding restoration of overgrown areas typi-
cally found within and around remnants.  Such practice usually requires intensive woody 
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vegetation removal that requires expensive manual labor or heavy equipment (D. Farnsworth, 
personal experience).   
Conservation of species will not be successful if efforts are continually focused on 
small relict prairie. The current properties of remnants require restoration efforts be steered 
towards habitat expansion that can significantly increase total area, reduce edge density, and 
limit fragmentation (Fletcher and Koford 2002).  Areas lying adjacent to remnants suitable 
for restoration or reconstruction are predominately cropland or forest. In many cases, re-
vegetation of native grassland is more efficient than removing mature forest on lands once 
occupied by remnant prairie (Chapter 2).  
Within and outside of SLAs, reconstructed grassland has the ability to affect spatial 
landscape pattern and related wildlife-habitat interactions in a positive way. Increases in 
habitat clustering due to the targeted integration of reconstructed grasslands are important to 
species that have specific habitat requirements not filled by non native grassland. Using 
vegetation other than restored remnants may be an efficient way to broaden habitat availabil-
ity for species sensitive to habitat size (Shepherd and Debinski 2005).  
The conservation priority index (CPI) was specifically designed to help spatially 
prioritize those cropped areas that might disproportionately affect the connectivity of rem-
nants relative to their total acreage when restored to native vegetation. Restored native 
vegetation on land currently in row crop may prove an efficient option for increasing core 
area for some area sensitive species while lessening the impact of edge effect. While the 
affect of targeted acres was not necessarily disproportionate in increasing metric values, the 
CPI did show a large proportion of land within SLAs as both near remnants and having lower 
suitability for growing corn.  
The upper 30 percent of CPI scores made up 83.4 percent of total cropped acres 
within SLAs. Using the CPI, targeted areas affect connectivity and edge density in a relative 
manner, having 83.4 percent of the total cropped acres affecting 92 and 93 percent of the 
potential increase among beneficial metrics. These numbers can be interpreted to say that 
every one percent of total cropped area returned to native vegetation within SLAs and scoring 
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greater than 30 percent CPI can add 1.11 percent of the potential increase in connectivity and 
decrease in edge density.  
Metrics used to determine the effectiveness of a CPI were only evaluated within 
SLAs. SLAs were previously selected as focal conservation areas because of remnant density 
and overall biological diversity. Over the entire landscape, SLAs are fairly isolated (Figure 
3.1), similar to islands of habitat patches. Spatial habitat metrics describing connectivity are 
meant to quantify habitat conditions within SLAs, but it should be made clear that the SLAs 
themselves are isolated islands of habitat. SLA’s are an average of 5.5 kilometers apart. 
Unfortunately, efforts to maximize positive spatial habitat characteristics within SLAs could 
potentially be counteracted by the lack of corridors to and from individual SLAs across the 
landscape.  
Relevant research in the northern Loess Hills determined that habitat should be com-
prised of at least 810 hectares of suitable habitat and be surrounded by a landscape lacking 
woodland cover in order to effectively benefit grassland obligates (Pashley and Fitzgerald 
1996, Walker 2005). A landscape matrix displaying less contrast in vegetation also benefits 
ecosystem function (Fischer et al. 2006). Even in the best of circumstances, wooded islands 
persist within the grassland dominated matrices of the northern Loess Hills, weakening the 
conservation potential of nearby grassland habitat (Walker 2005). Large amounts of woody 
vegetation present throughout the Loess Hills questions the validity of attempts to restore 
historical spatial characteristics. However, conservationists must strive to restore functional 
ecosystem traits if desirable species are to be retained. The persistence of novel landscape 
matrices that interfere with desirable ecosystem dynamics can result in loss of native biodi-
versity and the consequential degradation of environmental resilience. The extreme degree to 
which systems have been altered along with limited availability of resources for restoration 
requires a middle of the road conservation approach. The restoration of landscape character-
istics intends to preserve a significant portion of biodiversity, with the knowledge that some 
species will not be accommodated. The promotion of landscape characteristics beneficial to 
desirable species is likely to support overall native biodiversity (Seastedt et al. 2008).  
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While not disproportionately effective, the use of the CPI can potentially justify the 
strategic investment of conservation effort in restoring agricultural land to native vegetation 
and displays the misplacement of production lands near pools of remaining biodiversity in the 
region. A cost-benefit comparison of grassland reconstruction versus intensive woody 
removal would usefully inform attempts to expand and connect remnant prairies. However, 
the CPI shows that a large percentage of cropland within focal conservation areas is suitable 
for increasing connectivity and reducing edge density, while also dramatically increasing 
potential total area of grassland habitat. Cool-season grassland also contributes major poten-
tial towards increasing grassland vegetation within the Loess Hills, provided management 
strategies are consistent with the habitat requirements of grassland obligate species.  
 
CONCLUSION 
While remnants represent the richest pools of native biodiversity among habitat types, 
the character of the Loess Hills landscape at present hinders their contribution to the func-
tions of biodiversity preservation. Grassland obligates requiring landscapes with perennial 
vegetation and large open spaces consistent with the historical landscape they evolved in.  
These requirements necessitate the expansion of grassland habitat. Effective methods of habi-
tat expansion require a targeted approach to the future reconstruction of native vegetation and 
modification of non-native grassland management. This assessment reveals limitations asso-
ciated with the current landscape and offers a mechanism to prioritize restoration resources to 
improve landscape qualities, assisting the allocation of limited conservation resources. 
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TABLES AND FIGURES 
 
Table 3.1.  Classes included in the Loess Hills Vegetation Classification  (Loess Hills 
Alliance 2008).  
 
1. Cropland 15. Temporarily Flooded Forest 
2. Upland Deciduous Forest 16. Seasonally Flooded Forest 
3. Cool Season Grass 17. Semipermanently Flooded Forest 
4. Warm Season Grass    18. Temporarily Flooded Shrub 
5. Eastern Red Cedar Forest 19. Artificial / Low Vegetation 
6. Pine Forest 20. Semipermanently Flooded Shrub 
7. Evergreen Forest 21. Seasonally Flooded Shrub 
8. Eastern Red Cedar Woodland 22. Semipermanently Flooded Emergent 
9. Upland Deciduous Woodland 23. Floating Vegetation 
10 .Mixed Evergreen / Deciduous 24. Open Water 
11. Upland Shrub 25. Temporarily Flooded Sand / Mud 
12. Grass / Sparse Trees 26. Seasonally Flooded Sand / Mud 
13. Sparsely Vegetated / Barren 27. Artificial / High Vegetation   
14. Barren /Mixed Vegetation 28. Seasonally Flooded Emergent   
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Table 3.2.  Spatial patterns of dominant land cover classes in the Loess Hills. 
Metrics Cropland Forest Grass Remnants Development  
Total area (ha) 132,483.2 55,205.2 63,345.9 8,191.0 16,843.0 
Patch mean (ha) 73.9 11.6 13.6 4.3 8.4 
Edge density (m/ha) 366.6 531.2 477.5 648 360.2 
Nearest neighbor (m) 117.6 127.3 81.2 140.2 382.7 
Cohesion 99.6 97.8 97.8 94.8 97.8 
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Table 3.3.  Spatial metric values for acres of cropland that are prioritized incrementally using 
a conservation priority index (CPI).  
Index 
percentile 
Total 
area  
(ha) 
Cropped 
area  
(ha) 
Percentage of 
total SLA 
cropped (%) 
Edge 
density 
(m/ha) 
ln Edge 
density 
(m/ha) 
Cohesion 
value 
1 29670.4 32291.3 100 292 5.6 97.5 
10 29437.7 31716.3 98.2 289 5.6 97.5 
20 29410.4 31648.6 98 289 5.6 97.5 
30 29365.3 31537.2 97.7 289 5.6 97.5 
40 29301.8 31380.4 97.2 288 5.6 97.5 
50 29116.4 30921.9 95.8 289 5.6 97.5 
60 28650 29769.7 92.2 290 5.6 97.5 
70 27501.4 26931.2 83.4 296 5.6 97.4 
80 24259.8 18921.4 58.6 321 5.7 96.9 
85 21649 12469.8 38.6 341 5.8 96.3 
90 18952.7 5807.2 18 357 5.8 95.7 
95 17150.5 1353.8 4.2 354 5.8 95.6 
Remnants 16602.6 0 0 353 5.8 95.6 
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Table 3.4.  Grassland land cover configuration within the Loess Hills of western Iowa, USA.  
Metric Remnants Warm season Cool season Warm and cool 
season combined 
Total area (ha)  8574.8 14100.8 49244.2 63524.3 
Patch density (ha/patch) 26.3 13.6 8.6 7.2 
Mean patch area   (ha) 3.8 7.4 11.6 13.9 
Mean nearest neighbor distance (m) 121.5 255.9 142.3 123.0 
Nearest neighbor coefficient of  
     variation  (index score) 
133.8 143.8 89.2 83.3 
Patch cohesion (index score) 95.1 93.8 96.8 97.9 
Edge density   (m/ha) 285.8 221.2 177.6 167.8 
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Figure 3.1. Map showing the location of special landscape areas (SLAs) on the Loess Hills 
Landscape.  
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Figure 3.2.  Map of land cover within the Loess Hills of Harrison and Monona County Iowa; 
inset shows location in region.  
 
Land cover classes 
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Figure 3.3.  Frequency of cropland pixels by Conservation Priority Index (CPI) scores. 
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Figure 3.4. Potential increase in patch cohesion of remnants if cropped areas displaying high 
values of a conservation priority index (CPI) were restored to native vegetation. 
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Figure 3.5. Potential decrease in edge density of remnants if cropped areas displaying high 
values of a conservation priority index (CPI) were restored to native vegetation. 
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CHAPTER 4. GENERAL CONCLUSIONS 
 
CONCLUSIONS 
Research indicates that the Loess Hills were historically dominated by grasslands with 
shrubs, savanna, and woodland interspersed throughout (Moulton 1986, Mutel 1989, Rosburg 
1994). Like most other North American ecosystems, these grasslands have been drastically 
altered in size and composition by the disruption of disturbance regimes and land-use 
changes since Euro-American settlement (Landres et al. 1999, Samson et al. 2004). Yet, 
because the geophysical characteristics of the Loess Hills constrict agricultural practices, 
substantial amounts of native biodiversity have been preserved within the landform, 
especially in comparison to surrounding regions. The relative abundance of remnant prairie 
makes the Loess Hills a reservoir of biodiversity and potential focal point for conservation 
efforts within the midwestern U.S.  
Ecosystem restoration efforts often seek to re-establish ecological process within 
degraded ecosystems (Hobbs and Norton 1997). In the Loess Hills, the results of research 
suggest that returning frequent fire to the landscape should be the primary goal of restoration 
efforts in this system (Stambaugh et al. 2006). Fire influences the ecological composition, 
structure, and function of ecosystems (Pyne et al. 1996), but ecosystem characteristics of the 
tallgrass prairie can be identified using extremely large scales given the continuity of fire-
prone vegetation and the high frequency of fire (Collins 2000). Fire—and many other 
ecological processes—operate at scales much broader than the parcel sizes that are 
characteristic of the current Loess Hills landscape (e.g., remnant patches average 4.3 ha). A 
contextual understanding of how disturbances affect landscape structure will assist in 
mitigating many on-the-ground limitations faced by managers attempting to re-integrate 
important ecological processes into the Loess Hills today.  
Standardized, broad-scale evaluations of the status of ecosystems provide contextual 
support for on the ground efforts (Green et al. 2005). Yet, given (1) the environmental 
heterogeneity present over landscapes and regions and (2) the data available to represent this 
heterogeneity, it is difficult to develop and apply standardized methods that accurately reflect 
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on-the-ground ecosystem conditions (Chapter 2). Inaccurate assessments can, in turn, result 
in decisions that direct resources away from areas that have significant conservation need. 
My local assessment of ecological departure in the Loess Hills of western Iowa suggests that 
the national LANDFIRE program has inadvertently under-represented the current level of 
departure of Loess Hills ecosystems (Chapter 2). Because LANDFIRE provides a 
standardized framework for comparing departure across regions, states, and congressional 
districts, this inaccuracy has the potential to divert attention and funding away from the Loess 
Hills. Addressing the potential loss of grassland biodiversity using local knowledge and 
evaluation criteria that match the spatial characteristics of biological reference information 
would work to correct the inaccuracies present within current LANDFIRE methodology. 
My assessment of the spatial pattern of grassland vegetation in the Loess Hills 
highlights the need for biodiversity conservation efforts. The spatial requirements of many 
grassland obligate species, and the disturbances that create and maintain their habitat, require 
significant increases in the total area of grasslands and a decrease in edge characteristics that 
negatively influence grassland species. These directives may not be achieved through 
repeated management of biologically rich, but spatially inhibited, prairie remnants. While 
efforts to restore all remaining remnants should not be abandoned, I expect that efforts to 
strategically convert agricultural areas to native vegetation may better serve a wider range of 
guilds dependent upon grassland ecosystems. Total area and edge density might be 
considered the most limiting factors when promoting landscape characteristics for sensitive 
species. Thus, reducing the negative impacts of these factors maximizes potential benefits to 
grassland obligates.  
The strategic conversion of agricultural lands into native vegetation might prove to 
efficiently increase total area of grasslands, while also reducing edge density. However, a 
more thorough understanding of the cost-benefit ratios associated with agricultural 
conversion versus remnant expansion is needed to definitively guide the allocation of 
conservation resources. The landscape scale evaluation of conservation potential should also 
be informed by on-the-ground assessments of site conditions.  
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In sum, quantitative local assessments identifying portions of the landscape that can 
efficiently contribute to the long-term function of ecosystems would beneficially inform 
future restoration efforts and the efficient use of limited conservation resources. In order to 
gain public and political support for increased conservation resources, information gleaned 
from this and other studies should be packaged in an informative manner and made available 
to the public. The need to obtain larger, more consistent funding for the conservation and 
restoration of natural communities has never been more urgent.   
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APPENDIX A. LOCALLY-DERIVED LANDFIRE BIOPHYSICAL 
SETTING MODEL FOR THE LOESS HILLS. 
 
LANDFIRE Biophysical Setting Model 
Loess Hills Grassland Succession Model 
 
General Information    
Date: 3/9/2009 
Modeler:        email: 
Dustin Farnsworth      dustyf@iastate.edu 
Lisa Schulte Moore      lschulte@iastate.edu  
 
Reviewers: 
Tom Bragg       tbragg@mail.unomaha.edu  
Susanne Hickey      shickey@tnc.org 
 
Vegetation type                                            Map Zone    Model Zone 
Grassland to Forest             39 & 42   Northern Plains  
Dominant Species    Model Sources 
ANGE   QUMA2                   Literature 
SONU    SALIX            Local Data 
SCSC    CORNU    Expert opinion 
SPHE    PODE3 
HESP11 CAOV2 
 
Geographic Range 
The Loess Hills extends north from Holt County, Missouri to Plymouth County, Iowa. The 
landform runs 200 miles parallel to the Missouri River and covers over 640,000 acres (NPS 
2002). The Loess Hills landform is contained within LANDFIRE Map Zones 39 and 42, and 
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is a unique intermingling of eastern tallgrass prairie and western mixed grass prairie commu-
nities. 
 
Biophysical Site Description 
The landform is dominated by loess deposits that can be a maximum of 200 feet deep. Loess 
is composed of fine grained, silt-sized particles that are deposited by wind (USDA, 2002). 
Annual precipitation ranges from 26 to 34 in/yr (Bettis, 1989). However, well drained soils 
combined with steeply dissected topography create moisture-limited conditions on upper 
slope positions. Ridges, draws, and valleys create exposed and sheltered areas with variable 
microclimates; draws and valleys are often more mesic than ridge tops. The Loess Hills land-
scape thus supports a variety of growing conditions conducive to grassland, shrub, savanna, 
woodland, and forest communities. Currently, deciduous forest and xeric prairie communities 
can occur in relatively close proximity to one another. Topographic variability, lack of distur-
bance such as fire, and climate favorable to woody species has resulted in a diverse array of 
plant community types and associated fauna that are far different than those historically 
prevalent. 
 
Vegetation Description 
Historically, the Loess Hills contained multiple plant community types whose distribution 
was dependent on climatological and topo-edaphic gradations, as well as disturbance history. 
Prairie community types present in the Loess Hills, as classified by the U.S. National Vege-
tation Classification System (USNVC), included Eastern Great Plains Big Bluestem Loess 
Prairie and Loess Hills Little Bluestem Dry Prairie. Species comprising those associations 
include big bluestem (Andropogon gerardii), Indian grass (Sorghastrum nutans), porcupine 
grass (Stipa Spartea), little bluestem (Schizachyrium scoparium), sideoats grama (Bouteloua 
curtipendula), hairy grama (Bouteloua hirsuta), and yucca (Yucca glauca). 
 
In comparison to remnant tallgrass prairies on surrounding landforms, Loess Hills prairie 
more closely resembles the mixed-grass prairies 70 miles or more to the west (Novacek, 
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1985). Historically, prairie vegetation dominated throughout the Loess Hills, but was inter-
spersed with oak savanna and timbered areas that were patchily distributed and often limited 
to sheltered ravines and riparian areas (Mutel, 1989; NPS, 2002; Agren Inc., 2004; Stam-
baugh et al., 2006).  
Woodland communities dominated by bur oak (Quercus macrocarpa) made up the majority 
of fire tolerant savanna/woodlands, although wet areas were likely to have been dominated by 
cottonwood (Populus deltoides) and willow (Salix spp.) (Mutel, 1989). For example, one 
historical account from the Lewis and Clark expedition stated that woody vegetation in the 
region consisted only of willow and cottonwood in the bends of the river (Moulton, 1986).  
 
While accounts of scattered timber and wooded areas of oak are numerous descriptions for 
the Loess Hills, these areas were likely far more open than what we see or define as wooded 
today (Mutel, 1989). Data from the Iowa Soil Properties and Interpretations Database 
(ISPAID), for example, shows no substantial areas of soil that developed under forest vege-
tation. However, ISPAID data in the Loess Hills does account for transition soils formed 
under a combination of grass and trees (USDA 2002). The quantity and spatial arrangement 
of transition soils within the Loess Hills is restricted to narrow riparian areas surrounding 
major waterways and steeply dissected topography, again suggesting a limited distribution of 
woody communities in the region.  
 
Disturbance Description 
Fire 
Great Plains grasslands and prairies within the Loess Hills appear to have been frequently 
visited by fire (Mutel, 1989) The historical fire return interval in the tallgrass prairie has been 
modeled at 1-3 years (LF model 4114200) with most sites managed with fire burned every 2-
3 years (Pyne et al., 1996).  Historically, the grassland was maintained by such frequent fires. 
In addition, the continuity of fuels supported widespread fires that burned vast acreages.  
Major water courses, water bodies, and rugged terrain comprised the principal fuel breaks 
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(Anderson, 1990). In some instances, these breaks provided somewhat protected areas where, 
historically, woody species could have persisted with some consistency (LF model 3913940).  
 
Local data from the southern Loess Hills shows an average pre-Euro-American fire return 
interval of 6.6 years (Stambaugh et al., 2006). Stambaugh et al. (2006) also found that 95% of 
fires recorded by tree rings occurred during the dormant season. This seasonality of fires is 
significant, first, because oak and other deciduous trees would have been leafless at this 
time—the understory microclimate would have provided drying conditions such that fires 
crept in and spread widely across prominent grass-based fuels, preventing or slowing woody 
plant expansion into adjacent prairies. Secondly, as lightning storms are not typical of the 
region at this time, anthropogenic ignitions were more the cause of these fires (Stambaugh et 
al., 2006). Knowledge of the frequency and timing of aboriginal burning in Iowa is helpful in 
developing an understanding of the factors maintaining the historical vegetation (Stewart, 
2002). 
 
Grazing 
It is widely accepted that a combination of fire and grazing affected the structure of Great 
Plains grasslands (Axelrod, 1985; Schuler et al., 2006), and many researchers agree that bison 
grazing was historically a keystone process in the Great Plains of North America (Milchunas 
et al., 1988; Knapp et al., 1999; Fuhlendorf and Engle, 2001). However, Schuler (2006) notes 
that, “the historical presence of large numbers of bison in tallgrass prairie has not been 
irrefutably established” (Botkin, 1995; Shaw, 1995; Shaw and Lee, 1997; Schuler, 2006). 
This caveat is critical given that herbivore densities and herd size has a substantial influence 
on the ecological impacts of grazing (McNaughton, 1984; Shaw and Lee, 1997; Schuler, 
2006).  
 
The impact of grazing is often influenced by its intensity. As grazing intensity changes, so 
does the affect of grazers on succession (Noy-Meir, 1989; Huntly, 1991). Areas repeatedly 
visited by grazers tend to have higher forage quality in comparison to surrounding ungrazed 
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sites. Areas that are repeatedly grazed are called “grazing lawns” (McNaughton, 1984). The 
ability of animals to maintain grazing lawns is dependent upon their density. If the population 
density of herbivores is below a threshold level, vegetation regrowth surpasses the ability of 
the grazers to maintain the grazing lawn (McNaughton 1984).  Consequently, fuel loads and 
fire intervals are maintained.  
 
Vegetation succession within the Loess Hills was not likely affected by grazing due to a 
smaller concentration of bison than in more westerly portions of the Great Plains. In Iowa, 
bison were reported to be most prevalent in the northwestern part of the state, but much more 
limited in all other portions (Dinsmore, 1994). If grazing had any effect on succession in the 
Loess Hills, it was most likely in the northern portion, where grazing intensity was possibly 
high enough to reduce fuel loads. However, the steep, rugged topography characteristic to the 
western bluffs of the Loess Hills likely limited the access and affect of historical grazing 
populations (Valentine, 1947; Mueggler, 1965; Bailey et al., 1996). The gentler slopes of the 
eastern side of the Loess Hills were likely more conducive to grazing, if large herds were 
present. 
 
Browsing 
In contrast to bison, elk and deer were recorded as being much more prevalent in Iowa.  
According to Dinsmore (1994), from 1820 through 1844, “bison were less common than elk 
and in fact were almost uncommon on the prairies of Iowa.”  In addition, trash pits found in 
the remains of Native American earth lodges within the Loess Hills revealed that elk and deer 
made up a large percentage of the aboriginal diet (Mutel, 1989).  
 
The reduction of woody biomass by herbivores has been shown to have a significant effect on 
the historical recruitment of hardwood species within the Great Plains (Ritchie et al. 1998; 
Ripple and Beschta, 2007). However, contemporary studies on herbivore relations in tallgrass 
prairie and savanna often do not study elk, so the impact of this large herbivore is not well 
known. Studies on white-tail deer, however, indicate a dramatic effect on woody biomass 
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(Davidson, 1993; Ritchie et al., 1998). The combined impact of elk and deer may have been 
significant enough to affect the trajectory of grassland succession prior to Euro-American 
settlement.   
 
Browsing had a substantial impact within the historical vegetation model for the Loess Hills. 
When browsing was absent or present only at low levels, historically plausible fire return 
intervals failed to limit wooded succession classes (S-classes) to landscape percentages 
described in historical accounts and data. While VDDT modeling is non-spatial and does not 
account for population dynamics or spatial neighborhoods, additional disturbance is needed 
to accurately represent historical conditions with the model. 
 
Drought 
Tree-ring data between the 1600s and 1983 indicate that the average period between droughts 
was 22 years in Iowa (Stockton and Meko, 1983). While drought alone can slow plant growth 
or cause mortality, the likelihood of these negatve effects increases when drought is 
combined with fire (Riser, 1990).  For example, research by Pyne et al. (1996) indicates that 
burns during periods of low moisture delays the recovery of woody vegetation.  Historical 
records also report that fire during drought periods substantially affected the extent of 
wooded areas in the Midwest. For example, “…after unusual dry seasons, more than one 
hundred acres of woodland were converted into prairie” (Wells, 1819 as referenced by Stew-
art, 2002). 
 
While data support the contention that droughts affected the succession of historical grass-
lands, we were unable to quantify a consistent coefficient to represent its impact. Thus, our 
VDDT model assumes that drought neither advanced nor set back any seral stage.  
 
Adjacency or Identification Concerns  
FRCC biophysical settings describe vegetative communities and their succession classes (i.e., 
seral stage). While remote sensing techniques are often used to identify and map plant com-
91 
munities over landscapes, the accuracy of such interpretations declines with the specificity of 
classification; for example, these techniques can separate “forest” from “grassland” with a 
high degree of accuracy, but classifications that parse out different types of forest (e.g., oak-
hickory vs. maple-basswood) or grassland (e.g., native prairie vs. native grasses mixed with 
introduced cool season grasses) from one another have higher associated error rates. Grass-
land succession classes are difficult to classify using such remote methods as ecologists 
commonly define grassland successional classes according to the accumulation of duff or by 
the height of new growth. Using remote sensing to determine succession classes within 
grasslands, if possible at all, requires large data sets and months of work to train computers 
and personnel on how to interpret satellite or aerial imagery.  
 
Because such a fine-tuned approach would require large inputs of effort and still not be 
clearly successful, we instead adopted a coarser level of classification based on the presence, 
density, and type of woody vegetation present on the landscape, which can be accurately dis-
cerned from aerial imagery.  This focus on structure rather than composition is well suited for 
fire regime condition classification modeling due to the impact woody cover has on grass 
production (Scholes and Archer 1997) and the composition of fuels. Different fuel types (i.e., 
grass, shrub, savanna, woodland, and forest) have different effects on fire behavior including 
fire return interval, rate of spread, and intensity.  
 
Thus, in this model we represent Loess Hills vegetation according to a “prairie-forest contin-
uum,” a gradient in the seral communities that, together, represent some portion of the 
successional transition from grassland to forest. Greater levels of woody plant cover represent 
more advanced succession, which results in increased resistance to historical disturbances 
such as frequent fire. Historical disturbances (e.g., fire and herbivory) maintained historical 
plant communities, as well as their spatial extent and arrangement on the landscape (Ander-
son and Anderson, 1975; Bolliger et al., 2001).  
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Native Uncharacteristic Conditions  
The elimination of historical, regularly occurring fire caused a shift in community type, with 
non-native species and native, fire-tolerant shrubs and trees expanding and prevailing over 
historical natural communities (Axelrod, 1985; Burkhardt and Tisdale, 1976; Ford and 
McPherson, 1998; Brockway et al. 2001). As quoted from Rushin (2005), “Heineman (1982) 
used aerial photographs to show a 66 percent encroachment of shrubs and trees into the Loess 
Hills mixed grass prairies between 1940 and 1981. He also suggests that encroachment by 
native shrub and tree species was likely to have been related to management, particularly to 
the suppression of fires.” Similarly, Brockway (2001) notes that, “Loss of species and erosion 
of biological diversity appear to result from the fragmentation that interrupts landscape-scale 
processes, such as recurrent fire.”  Further, the absence of large herbivores, reported to have 
been many in historical times, may have had some impact on the rate with which prairie was 
replaced by woodlands or forests in the Loess Hills. 
 
While present-day woodlands in the Loess Hills are often still dominated by the historically 
common and fire adapted species (specifically, oaks [Quercus spp.]), these woodlands also 
contain sizeable populations of uncharacteristic woody species, including elm (Ulmus spp.), 
basswood (Tilia americana), ironwood (Ostrya virginiana), green ash (Fraxinus pennsylvan-
nica), and hackberry (Celtis occidentalis) (Phillips 2001). Eastern redcedar (Juniperus vir-
giniana) is also increasingly prevalent within the Loess Hills, but was not consistently found 
in the region during presettlement times. Many species currently inhabiting oak woodlands 
and forests could be considered inappropriate based on historical conditions.  
 
Scale Description 
Primarily due to the predominance of dormant season anthropogenic fire (Stewart, 2002; 
Stambaugh et al., 2006) and heavy loading of fine fuels characteristic of tallgrass prairie, 
stand replacing fires historically carried until reaching a major water source or rugged terrain 
(Anderson, 1990). Such rugged topography and steep drainages are prevalent in the Loess 
Hills. However, if fire were halted by these barriers, forest and woodland would likely have 
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comprised a large percentage of the historical Loess Hills land cover. As established in the 
Vegetation Description section above, this was not the case.  
 
Lightning strikes during the growing season might have ignited fires of limited size, in the 
range of several acres, but large fires during the growing season (May-September) were likely 
rare events across the landscape (Stambaugh et al., 2006). Ample precipitation associated 
with growing season rain events and the high moisture content of vegetation during the 
growing season would have inhibited fire ignition and spread; increased precipitation in the 
Loess Hills would increase this effect relative to the Northern Plains.  Since thunderstorm 
activity in the region coincides with the growing season, lightning was likely not an impor-
tant source of local ignitions (Kay, 2007). Growing season fires may have promoted intense 
grazing over fine scales, however (see Disturbance Description section above).  
 
The predominance of grasslands in the Loess Hills despite the lack of lightening ignitions 
supports the hypothesis of frequent and widespread use of fire by humans, but—due to a lack 
of quantitative data—the scale of individual fire events could not be determined. An estimate 
of the spatial extent of historical fires is a critical input into the determination of biophysical 
settings. Our inability to support the delineation of spatially-explicit biophysical settings over 
finer scales is one of the major reasons why this derivation of FRCC contains only one land-
scape-wide biophysical setting, and that its succession classes are non-spatial.  
 
Comments 
This model was constructed by combining LANDFIRE National Northern Tallgrass Prairie 
(4114200) and North Central Oak Savanna (3913940) models. Local data, expert opinion, 
and literature review were incorporated into the framework provided by the combination of 
these two LANDFIRE National models. While many LANDFIRE models separate grassland 
and other individual biophysical settings into distinct seral stages, the Loess Hills model 
incorporates several models into one model based on a “prairie-forest continuum”. This con-
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tinuum is meant to incorporate the spatial heterogeneity created by frequent, overlapping fire 
events and portray the gradual succession of grassland into closed canopy forest.  
 
VEGETATION CLASSES 
Class A   93%  Grassland  
Fuel Model 3   Upper Layer Lifeform: Herbaceous 
 
Structural definition  
The absence of woody plants is what characterizes this class. Herbaceous canopy cover can 
be 0-100%, although within-class succession is best evaluated using biomass, litter, and 
species composition as determinants (LF Model 4114200).  
 
Description 
The LANDFIRE national Northern Tallgrass Prairie model has many similar qualities to the 
Loess Hills tall and mid-grass prairie. A large portion of this class description is therefore 
concurrent with biophysical setting Northern Tallgrass Prairie (3914200) model.  
Loess Hills Central Tallgrass Big Bluestem Loess Prairie and Loess Hills Little Bluestem Dry 
Prairie communities are dominated by graminoids and forbs that also include sub-shrubs such 
as New Jersey tea (Ceanothus americanus) and leadplant (Amorpha canescens). Dominant 
graminoid species of Big Bluestem Loess Prairie include big bluestem (Andropogon ger-
ardii), Indian grass (Sorghastrum nutans), and porcupine grass (Stipa spartea). Loess Hills 
Dry Bluestem Prairie is defined by big bluestem (Andropogon gerardii), sideoats grama 
(Bouteloua curtipendula), and little bluestem (Schizachyrium scoparium), while hairy 
grama(Bouteloua hirsuta) is also present (Natureserve, 2009). Heath aster (Aster ericoides), 
blue eyed grass (Sisyrinchium montanum), Scribner’s panic grass (Dicanthelium oligosan-
thes), whorled milkweed (Asclepias verticillata), Missouri goldenrod (Solidago missourien-
sis), and plains muhly (Muhlenbergia cuspidata) also occur frequently (Rosburg, 1994). 
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While graminoids and forbs dominate, widely scattered individual oak trees are also included 
within this class. These individual and isolated trees were a small part of the larger dominat-
ing prairie. Such isolated individuals did not affect fire behavior because of overall tree can-
opy cover was minimal (Phillips 2001).  
 
Disturbances within this class are similar to those quoted from Northern Tallgrass Prairie 
(3914200) model:  
“Annual burns and sometimes two burns in a single year (spring burns can easily be fol-
lowed by fall, dormant season burns) can occur in some spots. For fire (and to some 
extent grazing) in pre-European times, there really are only two basic stages (1) 
immediately after the fire (until fuel accumulates) and (2) before the next fire (which is 
any time after a year’s growth has accumulated as fuel; a fire can occur as soon as this 
amount of fuel is available). You can make further subdivisions if you want, such as the 
time until fuel accumulates to pre-burn conditions but this is difficult to identify (not eas-
ily mapped) and isn’t really an important factor in burning since a fire can occur with only 
one growing season’s fuel accumulation. In this ecosystem a ‘replacement’ fire only 
removes litter and some standing plant matter, it does not change composition (except for 
uncommon annuals).” 
While limited fire scar data shows a pre-settlement (prior to 1820) fire return interval of 6.6 
years (Stambaugh et al., 2006), the probabilistic return interval for replacement fires was 
modeled as occurring every three years (probability of 0.33). Initially, a four year fire return 
interval was modeled as a compromise between Stambaugh et al.’s data and the widely 
accepted fire return interval. However, percentages for some wooded classes came out as 
slightly overrepresented given historical reports and a three year FRI was used instead. 
Growing season fires are assumed to have been included within the replacement fire return 
interval. While they may not have the same affect on successional dynamics, the available 
historical data suggest that growing season fire were infrequent and affected relatively small 
areas in comparison to dormant season, anthropogenically ignited fires.  
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After eight years without disturbance, grassland moves to Class B - Shrub. The transition to 
the shrub class was modeled as alternate succession.  
 
Class B 3%  Shrub 
Fuel Model 3   Upper Layer Lifeform: shrub/trees less than 12 ft tall 
 
Structural Definition 
This class has the broadest modified definition of all the classes. The shrub class is used to 
describe the early encroachment of woody vegetation into a grassland site. The advancement 
of succession takes many forms. Wide variation in structural growth habits makes it difficult 
to characterize shrubs by canopy cover. Instead, a height character is used to discern this 
stage. The Loess Hills model identifies the maximum height of this stage at 12 ft, or 3.7 m. 
This is somewhat similar to the LANDFIRE model, which has a maximum upper layer life-
form of 3 m. As represented by Fuel Model 3, the shrub class retains the fine fuel understory 
layer that allows fire to either hasten or reverse succession.  
 
Description 
Willow (Salix spp.) and cottonwood (Populus deltoides) thickets were present within riparian 
areas, but smooth sumac (Rhus glabara) and dogwood (Cornus spp.) were primary upland 
invaders. Native shrubs and oak (Quercus spp.) seedlings or grubs under 12 ft tall would 
historically have been classified as a shrub stage. In the locally derived FRCC evaluation, all 
woody species under 12 ft high are classified as a shrub.  
 
This model class is concurrent to Class C – Savanna of the LANDFIRE Northern Tallgrass 
Prairie model. It is a continuation of unburned Class A - Grassland within this model. Shrub 
Class B maintains an understory heavily dominated by grasses. Annuals, biennials, and short 
lived perennial graminoids and forbs decrease in dominance (LANDFIRE model 4114200). If 
a disturbance does not affect this class, it will succeed to an early seral wooded state, with the 
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transition either open or closed canopied, depending on the type of woody species, its growth 
habits, and the time since the last disturbance.   
 
Replacement fire was modeled from the LANDFIRE Northern Tallgrass Prairie model’s 
Class C (probability of 0.33). Realistically, shrub communities are rarely replaced by recur-
ring fire once established (Briggs et al. 2005). However, grasslands with frequent fire are able 
to maintain their shrubless state so that replacement of established shrubs may not have been 
an issue historically. Also, decreasing the replacement probability of this stage threatened the 
existence of the woodland class, which needed to be preserved to represent historical condi-
tions in the Loess Hills.  
 
An alternate successional pathway was modeled. The Shrub class could to succeed to Class D 
– Woodland, with a probability of 1 after 20 years without disturbance. Drought holds the 
class stationary with a probability of 0.045, and browsing reverses succession to Class A – 
Grassland with a probability of 0.15. The formation of Class C – Savanna occurs with a 
mixed fire probability of 0.01.  
 
Class C 3%  Savanna 
Fuel Model 3   Upper Layer Lifeform: Deciduous trees greater than 12 ft tall 
 
Structural definition 
The identification of a savanna class is not so much about the identification of a specific eco-
system as it is the classification of encroachment by woody plants (see identification con-
cerns). As described earlier, trees in Class C are greater than 12 ft tall and have canopy cover 
less than 60%. Dominant historical species for both savanna and woodland include bur oak 
(Quercus macrocarpa) and an herbaceous understory containing many of the same species 
comprising Class A – Grassland.  
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Description 
The question about whether savannas are actually identifiable ecosystems has long been a 
debate among restorationists (Packard and Mutel 1997). The locally derived FRCC includes 
this class because of the historical references made to such a vegetation type and hence the 
apparent ecological departure from such a class. However, the lack of clear historical 
descriptions and present day reference areas limit our ability to identify and evaluate such a 
rare (and often abstract) plant community. 
 
Class C of the Loess Hills biophysical setting is modeled after the LANDFIRE North-Central 
Interior Oak Savanna (3913940) model. The Loess Hills model combines Classes A and B of 
this LANDFIRE model. Savanna is characterized by widely scattered oaks and a prominent 
understory of grasses similar to Class A of the Loess Hills model. Woody canopy cover of 
this class does not exceed 60%.  
 
Disturbances within this class include replacement fires every one hundred years (probability 
of 0.01). Such fires would have been most influential during periods of drought. Mature trees 
of this class often have adaptations allowing them to survive fire. For example, oaks are 
renowned for their thick, insulating bark and ability to re-sprout (Groninger et al. 2005). 
Widespread mortality and true replacement events would have been limited to successive 
periods of drought, due to potential plant stress and lowered live fuel moisture levels. 
 
Without disturbance, this class succeeds to Class D – Woodland. This transition is displayed 
as an alternate successional pathway (probability of 1.0 after 25 years of no disturbance). Sur-
face fire, with an average return interval of three years, maintains the savanna class (prob-
ability of 0.33). Mixed fire events that send some of the class back to Class B – Shrub are 
modeled at a probability of 0.01. Browsing is modeled to have approximately half the effect 
as fire (probability of 0.15), and drought alone was modeled only to halt succession in the 
year that it occurs (every 22 years or probability of 0.045).  Drought heightens the frequency 
and intensity of fire, making mature trees vulnerable to intense fire and increasing mortality 
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(Anderson 1990). Quantifying those effects is nearly impossible without actual fire occur-
rences during years of drought. Prescribed fire is not often conducted in times of drought due 
to fear of escape. Because the resulting effects of fire during drought on woody mortality are 
rarely seen and cannot be quantified, the conservative approach to modeling this interaction is 
to halt succession and not set it back.  
 
Class D 1%  Woodland 
Fuel Model 8    Upper Lifeform Layer: Mature deciduous trees  
 
Structural Definition 
The woodland class represents Class C of the North-Central Interior Oak Savanna (3913940) 
model. Oak historically dominated this system, with a canopy cover of 60-80%.  
 
Description 
The woodland class retains some of the grassland understory, although shade tolerant plants 
are also present, sometimes in abundance. Fire is still important in maintaining woodland 
structure and an oak composition. As fires become less frequent, bur (Quercus macrocarpa) 
and white (Quercus alba) oaks are replaced by the less fire tolerant and more shade tolerant 
red oak (Quercus rubra). Without disturbance, this class transitions to a closed canopy 
structure. Species dominance shifts to red oak (Quercus rubra), hackberry (Celtis occiden-
talis), elm (Ulmus spp.), maple (Acer spp.), and other fire intolerant species (Phillips, 2001; 
Frelich, 2002). This class occurs after 56 years without disturbance and proceeds to closed 
canopy forest after 25 years. Replacement fire is unlikely, modeled to occur every thousand 
years (probability of 0.001), while surface fires occurring approximately every five years 
(probability of 0.2) maintain the class. Mixed fire occurs every 100 years (probability of 
0.01), taking some of the class back to the savanna stage.  
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Class E 0%  Forest 
Fuel Model 8   Upper Lifeform Layer: Mature deciduous trees 
 
Structural definition  
Class E of the Loess Hills model is similar to Class D of North-Central Interior Oak Savanna 
(3913940) model. This class consists of mature oak-hickory-hackberry forests with 80-100% 
canopy cover.  
 
Description 
The class includes some shade tolerant species as well established understory trees and 
shrubs. Over time, grass and other fine fuels are gradually replaced by forbs in the absence of 
fire (Packard and Mutel, 1997). As fine fuels diminish and flammable oak litter loses its 
prominence as a fuel base, the ability of the forests to carry a fire is reduced. The forest class 
represents a threshold of restoration as defined by (Suding et al., 2004). Once this succes-
sional state is reached, reversion back to prairie or savanna conditions are highly unlikely.  
Assigning a zero value to this class is based on soil data showing that the soils of the Loess 
Hills are prairie soils; there is no evidence of long periods of forest dominance in the Loess 
Hills. This class may have been present for only brief periods of time and in restricted loca-
tions that were protected from fire. Overall, however, this class should be considered unchar-
acteristic. 
 
Surface fire occurs every 10 years within the Forest Class (probability of 0.01). A mixed fire 
regime with a 40 and 200 FRI was adopted from savanna model 391340, but is divided 
between two transitions. One transition is modeled to set this class back to Class C – Savanna 
(probability of 0.01), and the other to Class D – Woodland (probability of 0.015). Combined, 
these two transitions equal a mixed fire probability of 0.025. This class is set to succeed at 
999 years (equiv-alent to infinity within VDDT settings), illustrating the inability of the his-
torically prevalent processes to reverse succession at their past intensities and rates. 
 
101 
Initial Condition Settings 
Settings were run with initial conditions set as 1000 time steps, with 10000 cells, over 10 
simulations. 
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APPENDIX B. RESPONSE TO PEER REVIEW OF THE LOCALLY 
DEVELOPED FIRE REGIME CONDITION CLASSIFICATION (FRCC) 
MODEL. 
 
Reviewer Comment 1: Reviewer Dr. Tom Bragg made a suggestion that Eastern Red Cedar 
(ERC) be included in the Loess Hills model. His suggestion was based upon the present day 
significance of cedar groves and their implications to present day management. Reviewer 
Susanne Hickey agreed that ERC plays a significant role on the present day landscape, and 
also mentioned that the inclusion of ERC in vegetation models that include floodplains 
would be acceptable given historical records that note ERC groves on the Missouri River 
floodplain and on islands. However, she did not agree that ERC was historically present as a 
community within the Loess Hills.  
 As the goal of Fire Regime Condition Classification (FRCC) vegetation modeling is 
primarily to represent reference conditions and vegetation classes present under the historical 
range of variation, Susanne Hickey’s suggestion regarding ERC is followed within this 
model. While ERC is mentioned to historically occur within the Missouri River floodplain, it 
has not been documented as a historical community within the nearby Loess Hills. Because 
ERC uncharacteristic within the Loess Hills landform, it was not included in this model. The 
Loess Hills model is spatially limited to the landform rising from the floodplain. If the project 
were to include the floodplain, separate models incorporating floodplain plant communities 
and the accompanying suite of disturbances would need to be created. ERC and other non-
characteristic vegetation classes should, however, be included in models of contemporary 
condition and should be considered in management practices that attempt to restore areas to 
historical conditions. Dr. Tom Bragg provided an excellent example of such a model with his 
review.  
 
Reviewer Comment 2: Replacement fire was modeled in Class B – Shrub in the same 
manner as Class A – Grassland. The rationale supporting this decision is that shrub 
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vegetation was historically surrounded by grasslands; any intense grass fire would have also 
had an effect on shrub patches. Susanne Hickey commented that shrub vegetation should 
have a lower probability of replacement than grass in the Loess Hills due to the inability of 
some shrub cover types to carry fire (e.g., sumac). Dense shrub thickets often have limited 
levels of fine fuels in their understory (Briggs et al., 2005). Under these circumstances, shrub 
encroachment might be halted by fire, but the thicket itself may not be replaced.  
To determine whether such a dynamic was relevant to this LANDFIRE model, a 
sensitivity analysis was conducted on the shrub class with the replacement probability being 
reduced from 0.33 to 0.2; other replacement and surface fire probabilities remained constant. 
This change resulted in a significant shift in land cover percentages, with a higher prevalence 
of woody vegetation.  The results follow: Class A = 80%, Class B = 6%, Class C = 7%, Class 
D = 7%, and Class E = 1%. To further simulate the effects of surrounding fire halting the 
advancement of shrubby vegetation, a mixed fire regime was added to the shrub class. Fire 
was modeled as occurring with a probability of 0.33, producing the following results: Class A 
= 91%, Class B = 6%, Class C = 3%, Class D = 0%, Class E = 0%. The elimination of 
woodland is not realistic for the Loess Hills, as is the increased predominance of Class A and 
elimination of Class E. To adjust for the loss of Class D, the mixed fire regime addition was 
retained and the probability of replacement fire was amended within Class B to its original 
probability of 0.33. This adjustment resulted in no major changes in comparison to our initial 
model results; thus, we decided to maintain the original probabilities to retain the woodland 
class as a component of the Loess Hills landscape. While the likelihood of shrubs being 
eliminated by fire disturbance every three years may seem improbable today, given shrub 
communities often reach fire resistant stature, fire return intervals may have been historically 
frequent enough to prohibit shrub stands from reaching such a stature.  
 
Reviewer Comment 3: The reviewers agreed that it would be beneficial to incorporate 
multiple biophysical settings within the Loess Hills along a North-South gradient. The 
latitudinal separation of the region into different biophysical settings would represent the 
hypothesis posed by local experts that the southern Loess Hills were historically more 
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wooded than the northern portion. A gradient in precipitation is thought to be partially the 
cause. This hypothesis was acknowledged by both reviewers and cited earlier in this report. 
However, Dr. Tom Bragg also commented that precipitation is not likely the sole influence; 
rather, interactions among precipitation and variation in tree physiology produce the effect.  
We made attempts to accommodate this comment and map multiple biophysical 
settings in preliminary analyses, but incorporating latitudinal variation into the locally 
derived FRCC models proved problematic.  First, there is no clear geographic separation of 
areas historically occupied by more or less woodland. Both the northern and southern Loess 
Hills were described as predominately grassland by Lewis and Clark (Moulton, 1986). 
Second, while a precipitation gradient is present within the Loess Hills, there are no 
quantitative data describing specific relationships the amount of precipitation and its effect on 
vegetation.  
Regardless of these problems, we performed a sensitivity analysis to investigate the 
impacts of separate biophysical settings on Loess Hills vegetation.  We made the assumption 
that increased precipitation would lead to faster growth rates when all else is constant, and 
then incorporated deterministic transitions to represent the rate of succession within VDDT.  
The table below reflects this analysis and shows that altering the speed of succession has little 
impact on land cover percentages. Thus, such deterministic transitions do not reflect the 
regional vegetation variation described by local experts.  For this reason, we did not alter the 
model to include the suggested latitudinal gradient.  
Table B.1. Differences in succession class composition from increased rates of 
succession. 
Succession rate 
increase 
Land Cover Percentages 
Class A B C D E 
No Change 93 3 3 1 0 
1 Year 91 4 3 1 0 
2 years 91 4 3 1 0 
3 years 91 4 3 1 0 
4 years 91 4 3 1 0 
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Reviewer Comment 4: Reviewer Susanne Hickey recommended a decrease in the 
replacement probability in Class B – Shrub. Such an action would shift land cover 
percentages further into the wooded classes, a shift that is not supported by reference data for 
the Loess Hills. When modeled, the six year pre-settlement fire return interval derived from 
fire scars by Stambaugh et al. (2006) results in very different results than what is accepted 
through comparisons to historical observations. The table below shows the impact of fire 
return interval on the prevalence of woody vegetation in VDDT. All other variables remained 
constant as in the original Loess Hills VDDT model except for adjustments of replacement 
fire in Classes A and B, and surface fires in C and D. Class E was left unchanged as it 
contained low probabilities as a default.  
 
Table B.2. Differences in succession class composition from lengthened FRI. 
FRI Probability  
Land Cover Percentages 
Class A B C D E 
No Change  
(3 year FRI)          93 3 3 1 0 
4 year FRI          83 7 5 3 0 
5 year FRI          55 11 15 15 4 
6 year FRI          43 11 18 21 7 
 
 
Reviewer Comment 5: Dr. Tom Bragg commented that variable topography within the 
Loess Hills likely led to patchy burns that provided a kind of “fire shadow” affecting northern 
and eastern slopes, but historical accounts do not suggest that this was the case (see report 
and model description). To reflect our knowledge of historical vegetation and its dynamic 
character, we have incorporated the probability of woody vegetation occurring on protected 
slopes versus drier, exposed areas through the use of one biophysical setting and overall land 
cover percentages.  We do not label protected areas as discretely harboring woody vegetation 
because we know from multiple sources that grasslands historically dominated most of the 
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region.  None of the historical data supports the spatial delineation of woody areas through 
biophysical characteristics.  
 
Reviewer Comment 6: In the grazing section of the model, Dr. Bragg was specifically con-
cerned with the lack of citations provided for the discussion concerning grazing and its 
influence vegetation succession in the Loess Hills. We did not make it clear at the time of 
review that these were original ideas; we provided background information on the theory 
behind grazing disturbance and its effects and then elaborated on the theory given our local 
ecological knowledge of the Loess Hills. Our argument was based on the fact that succession 
is primarily affected by the reduction in fuel loading, and that there is no evidence of bison 
herds large enough to preferentially graze the large expanses that annually burned in the 
Loess Hills. In response we have edited the discussion on grazing to better portray both the 
theoretical explanation and our original thought.  
 
Reviewer Comment 7: What is a “replacement” fire return interval? The replacement fire 
return interval is the return interval of any fire event that removes the entire stand and resets 
succession to the previous indicated seral stage. In the case of a replacement fire within the 
grassland stage, the majority of conditions would stay the same. The primary effect is that 
woody vegetation is set back to zero in the event of a stand replacing grassland fire. No 
succession is taking place when replacement fires reoccur. In the model, this replacement 
return interval for the Grassland Class is set to every three years.  
The term “replacement fire” used in the context of woodlands is also misleading. The 
extreme rarity of stand replacing fires among oak woodlands is not well represented in the 
model, where the term replacement is applied. Replacement is used to represent the required 
turnover in succession that enables spatial variability in the location of certain plant 
communities. If fire does not eliminate some even-aged stands, fire will prevent recruitment 
and eventually the trees die and the area returns to prairie. Replacement is not necessarily 
used in a discrete manner to describe fire. Instead, it should be thought of as a term relating 
change to a previous seral stage.  
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Reviewer Comment 8: Susanne Hickey noted that more specific species descriptions should 
be used in the model. While some improvements were made to edit the BpS description, 
descriptions of relevant works such as Tom Rosburg’s botanical survey of the Loess Hills can 
be found in the main text of this report. We feel the biophysical setting description should be 
mainly concerned with displaying characters which affect succession. 
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APPENDIX C. COMPARISONS OF LANDSCAPE METRICS FOR 
GRASSLAND COVER TYPES BETWEEN AND WITHIN SPECIAL 
LANDSCAPE AREAS (SLAS) (CWC=COOL AND WARM SEASON 
GRASSLAND COMBINED). 
 SLA 
Total 
area 
(ha) 
Number 
patches 
Patch 
density 
(ha/patch) 
Mean 
patch 
area (ha) 
Mean 
nearest 
neighbor 
distance (m) 
NN coefficient 
of variation Cohesion 
Plymouth North       
cool 1510.0 33 0.9 45.7 98.9 70.6 99.3 
warm 642.0 54 1.4 11.9 102.2 68.2 95.8 
cwc 2144.0 42 2.0 51.1 79.2 69.7 99.7 
remnant 976.0 154 15.8 6.3 84.8 57.0 97.0 
        
Plymouth South       
cool 1511.0 99 1.8 15.3 128.0 94.8 96.4 
warm 1250.0 91 1.7 13.7 95.6 80.3 96.0 
cwc 2747.0 82 3.0 33.5 86.7 51.6 99.6 
remnant 1679.0 184 11.0 9.1 78.4 46.4 97.7 
        
Luton        
cool 198.0 35 4.6 5.7 97.9 44.4 90.8 
warm 139.0 32 4.2 4.3 118.7 56.9 94.4 
cwc 331.0 29 8.8 11.4 92.3 46.7 98.3 
remnant 201.0 71 35.3 2.8 78.7 32.6 95.8 
        
Grant Center       
cool 371.0 53 2.5 7.0 138.1 100.5 92.4 
warm 425.0 44 2.0 9.7 99.1 56.1 95.1 
cwc 787.0 68 8.6 11.6 82.6 36.1 98.3 
remnant 621.0 55 8.9 11.3 80.4 43.4 97.4 
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 SLA 
Total 
area 
(ha) 
Number 
patches 
Patch 
density 
(ha/patch) 
Mean 
patch 
area (ha) 
Mean 
nearest 
neighbor 
distance (m) 
NN coefficient 
of variation Cohesion 
Turin        
cool 1109.0 186 3.1 6.0 113.7 66.0 93.3 
warm 741.0 118 1.9 6.3 138.7 82.5 94.2 
cwc 1846.0 183 9.9 10.1 92.7 49.7 96.9 
remnant 1081.0 260 24.0 4.2 92.8 58.3 95.0 
        
Little Sioux       
cool 1036.0 207 2.2 5.0 179.1 94.0 91.9 
warm 1002.0 225 2.4 4.5 140.7 65.1 90.6 
cwc 2034.0 300 14.8 6.8 115.1 61.3 95.7 
remnant 1243.0 464 37.3 2.7 93.8 61.5 92.4 
        
Mondamin        
cool 234.0 65 3.1 3.6 206.5 87.9 87.2 
warm 80.8 41 2.0 2.0 448.3 267.5 82.4 
cwc 313.0 87 27.8 3.6 145.6 106.2 89.7 
remnant 98.6 102 103.5 1.0 150.3 82.6 81.9 
        
Loveland        
cool 95.7 31 2.1 3.1 284.2 166.8 87.3 
warm 51.3 22 1.5 2.3 457.8 148.8 85.6 
cwc 146.0 41 28.0 3.6 228.8 111.9 90.8 
remnant 89.5 84 93.9 1.1 132.9 108.1 87.0 
        
Council Bluffs North       
cool 144.0 58 2.9 2.5 199.0 87.6 84.3 
warm 54.5 24 1.2 2.3 291.8 128.8 83.2 
cwc 199.0 72 36.2 2.8 151.3 83.6 87.7 
remnant 140.0 125 89.1 1.1 110.4 77.2 84.7 
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 SLA 
Total 
area 
(ha) 
Number 
patches 
Patch 
density 
(ha/patch) 
Mean 
patch 
area (ha) 
Mean 
nearest 
neighbor 
distance (m) 
NN coefficient 
of variation Cohesion 
Folsom        
cool 305.0 90 3.9 3.4 148.9 78.1 88.3 
warm 39.7 12 0.5 3.3 661.1 205.2 85.7 
cwc 347.0 88 25.3 3.9 154.2 81.9 91.2 
remnant 150.0 197 131.5 0.8 88.9 58.0 78.9 
        
Bur Oak        
cool 363.0 101 4.3 3.6 131.8 97.7 90.2 
warm 11.7 8 0.3 1.5 1010.2 102.4 76.7 
cwc 368.0 101 27.5 3.6 139.5 102.7 90.6 
remnant 131.0 150 114.1 0.9 126.6 115.4 81.2 
        
Waubonsie       
cool 233.0 80 5.0 2.9 125.7 67.7 88.1 
warm 22.4 13 0.8 1.7 1269.9 289.8 79.0 
cwc 250.0 91 36.4 2.7 119.9 73.6 88.8 
remnant 68.1 115 168.8 0.6 132.8 112.9 73.5 
 
 
 
 
 
 
 
 
 
 
